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SUMMARY

An environmental data buoy system is being developed, tested, and

evaluated for measuring offshore wave and current information which is to

be used to-predict the oharacteristics of the breaker zone. This buoy

system, which is bottom-mounted outside of the near-shore surf zone, measures

wave height information, tide, and two cartesian components of current. This

data Is being used as input information into the precition models that predict

individual breaker direction, and longshore current information. The breaking

wave height is calculated for each wave during a 10 to 30 minute measurement

period from which breaker statistics are derived. The maximum longshore

current velocity is calculated from the average breaker height and average

breaker direction, The prediduion models have been tested against actual

breaker conditions measured in the Surf zone. A method has been developed

in this study and was used for making the measurements of the breaker heights.

The buoy system contains a- pressure-transducer wave and tide gauge, a

two-axis electromagnetic current meter, and several other sensors not used in

the surf-zone prediction, The data are digitized and sent in a serial-digital

format compatible with most computers with a serial interface (RS-232). On

shore, data are input into a 103-type telephone modem, which can be called

up from anywhere in the telephone switching network. In this study, the

data are processed off-line by a modest processor, but programs have been

developed, written, and tested with actual data for a microcomputer system,

a similar version of which could be ultimately implemented in the buoy for

complete on-boaid data, processing.

Extensive software development wa- done in this twenty-two month study

period. Over twenty software programs were wrttten, tested, and are operational
4 •for use either in off-line processing at a remote or processing location or

£for adaption to on-board buoy processing. These progm, fis cover foul: basic

program types and fourý programming languages: Assembly Language,, BASIC, HPL,

and FOpR RAN. Enach l rogeam type is discussed In detail and is flow-charted,1. 4 and program listibgs -are given for each program type and the ajppropriate

progranuqing langua'e used (most prog'pams were written in more than one



language). In many instances, applications for other Navy Fleet operations

Jr are suggested for these program utilizations.

Two-surf-zone prediction models were used to describe the nearshore

waves and the longshore current velocity in this study. These models are

based upon linear theory, which allows shallow and intermediate waves to

be treated simply and consistently. In each model, monochromatic waves are

assumed and wave processes of refraction, frictional attenuation, shoaling,

and breaking arc considered. The initial model is restrictced to shallow-

water waves which approach the shore niearly perpendicularly. The more-

detailed model allows the waves to be measured at greater water depths and

at varying approach angles. Both of the models used in this study were

developed by personnel at Louisiana State University.

Several series of tests have been made in the Gulf of Mexico near
Panama City, Florida, in a six-meter water depth, 300 meters offshore.

Data colected from these tests were used for the evaluation of the buoy

operation and for testing the prediction models. During some of these tests,

measurements of actual breaker conditions were made and have been used for

comparing the prediction models with actual measured heights. In addition

to the tests at Panama City, tests have been made at the Coastal Engineering

Research Center Field Research Facility at Duck, North Carolina. At this

location, there &re seven surface wave gauges extending from almost 500

meters offshore in eight meters -of water to about 70 meters offshore in

one meter of water depth. The gauges can measure the wave modification

accurately-and ,in detail' as the'wave progresses shoreward. A field data

collection system was developed for this study to collect and record the

data digitally in serial format (RS-232) from these gauges and other

instrumentsoat this location.

The test results indicate that for the longer-period waves, both models

very accurately predict the breaker heights within an accuracy often less

than texi percent error when comparing average breaker height, average of the

highest one-third breaker height, and average of the highest one-tenth

breaker height. These results are for breaker heights up to two meters

for the test results using the Panama City data, Further results for the

j Duck data for the detailed prediction model indicate for breaker heights up



to about 2.5 meters,, the average prediction error is almost zero, giving

extremely-accurate results. However,'it is cautioned that almost all of

the time breaking did not occur at 6ne of the wave gauges; therefore, the

actual measurements of the breaker height was not the height of the breaker

at the time of breaking. Since these gauges were rather closely spaced in

tho-breaker zone, this difference in measurement is expected to be within
the accuracies given above for the Panam-r City data.

For many applications, the simplified model probably will provide

adequate answers, and the additional mathematical complexity would not be

juistified. This additional complexity not only would require a larger

processing system, but requires more time for processing the data. The

processing time on a modest processor is about an order of magnitude faster

for the simplified version than for the more-detailed version. However,

even for the more-detailed processoriig, the processing times are short

compared with data collection times. With the use of high-speed micro-

computer systems and efficient programs, such as those compiled from a

FORTRAN source as given in this study, processing times of the order of

one minute are reasonable for thirty minutes of1 wave data.

Complete details of this study are given In the six sections of this

report.

JIo_ _



o. INTRODUCTION

The coastal environment plays a key role in many of the Navy's vital

operations. Of specific interest to the Navy are such paramaters as near-shore

waves, tides, currents, and surf. Other parameters include water temperature

and visibility. Normally, for many areas of interest, little or no details

exist regarding either generalized or specific information for these and

irelated parameters. For many Navy -operations, these parameters are required

inputs either directly or indirectly to obtain tactical information leading

to decisions regarding those operations. Quite often the effect lveness of

an operation may depend upon the reliability of the environmental information

associated with the operation that is obtained either from direct measurements

or from .information in data banks or from numerical models. Such existing

data or the ability to obtain for areas of interest to Navy operations the

desired data is limited at present times.

Noonly is the data limited, but the means and/or instrumentation for

obtaining the necessary information are also limited. The tools that under-

water teams currently use are the same ones being used for some time: typically

unsophisticated equipment and methods such as the measure line and slate board

with visual observation of wave height, direction, period, and currents. For

some operations, this type of information may be adequate. However, for most

operations, it is felt that such results would not provide the basic inputs

for strategy and tactics for a successful operation. These, also, would not

provide the needed inputs for the development of a point-target intelligence-

data base.

For an amphibious assault operation, where the coastal zone must be

transversed, the success of the operation might well depend upon knowing

when and where the crossing should take place. For such operations, pre-

vious information regarding these areas would be signlficE.ntly helpful in

reaching proper decisions. If, however, real-time or near real-time infor-

mation were available, probabilities of success vould be considerably

increased. This is particularly the situation for most coastal areas of

the world where tberecan be a large variation in the given environm•ental

parameters.



IN -2

In addition to being able to obtain the required information, it is

necessary to have this information in a form or format that will be readily

useful to those needing to make the decisions involved in the operation.

In general, this means having an analytical mod.el into which the. input

environmental parameters are.applied, giving prediction results in a

simplified format. In the process of reducing down large amounts of data

to a concise output, care must be exercised not to lose or average out the

important details of the coastal process. What is needed to accomplish these
goals is an instrumentation system capable of providing the inputs with the

necessary accuracy and 'reliability for a proven model, that has been tested

and evaluated against known kround-truth -tandards.

The development of such a measurement system with the associated

analytical models is the objective of this several-year study. The first

phase involves the development of a buoy system with environmental in-

strumentation for measuring, at an off-shore location outside of the breaker

zone, wave and current parameters to be used as model inputs for the pre-

diction of wave-breaker statistics and longshore-current properties. At

the same time, models for predicting these effects are being developed.

In order to evaluate the effectiveness of the model, it is necessary to

also measure the properties being predicted. This Is being done during

this first phase of the tests. 'However, the accuracy to which the ground-
truth standards can be measured in these first tests may not be much more

accurate than much of the differences of the results that the different

models predict. For this reason, further evaluation of these models must

be done using more accurate measurement techniques and instrumentation.
This is to'be done in the second phase of this study, using instrumentation

dispersed throughout the breaker region.

The end product of this several-year studiy is expected to be a

deployable buoy system that can be readily implanted outside of the

breaker zone in an operational area. This buoy system may take on any of

several versions which might include either detailed on-board processing,

limited on-board processing, or telemetry of raw data to an out-board

processor. Incorporated into the processing system would be the appro-
priate model for the prediction of the breaker and current statistics.
This total information from the buoy system would give an operAtional
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Commander not only an over-view of the environmental pcnditions of the area,

but alsoi hopefully, the necessary information for'reaching strategic and/or

tactical decisions regarding the operation•

This final report documents the. results of a twenty-tWo month study.`,w 'Iw s ssued one year agode

Although a detailed interim report (FR-XX-I)* was o, de-

tailing the results to date, -much of that report has been incorporated into

this final report for completeness. However, parts are not inhcluded here but

are reforenced at the appropriate portion of the report. The extensive test

data -processing results of Appendices A and B of that report are not included

in this report, but are referenced in the test results section. Although some

of the program development discussions of the interim report are referenced

and not detailed in this final report, because software development was a

major portion of this study, extensive discussions are included in this re-

port. In this latter respect, this final report is self-contained.

The stated objectives, given in the proposals for this study, are:

1. 'To develop software for a computer system to process offshore buoy
data to obtain wave height, period, and direction, tide, and current
speed and direction statistics at the buoy location and to develop for
the same computer software for a surf zone model that uses these above
processed statistics as inputs for processing surf heights, periods,
shore currents and other results.

2. To develop software and generalized overall system design parameters
that would lead to the final design, and fabrication of an internal pro-
cessing system Integrated within the buoy that would provide the same or
similar end products as those given in Objective I.

3. To design a digital interface system for obtaining serial data in a
standard format from wave-gauge and current-meter sensors and to provide
technical direction in the check-out and installation of the system at
the CERC Field Research Facility, at Duck, N. C.

4. To develop computer software programs for additional models for
surf-zone prediction of wave and current parameters and to evaluate
these and previous models using programs developed and data collected
for a variety of wave and environmental conditions.

5. To develop buoy design specifications for an operational buoy system
for Navy Fleet applications incorporating results of this and related

* previous studies.

PIDGEON, V. W. and PIDGEON, N. A., "An Environmental Data Buoy System for
Predicting Surf-Zone Characteristics," Dynex Consulting Company report number
FR-XX-1, dated February 29, 1980.
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As the reader can determine, after reviewing the extensive software

SC) development, the buoy development, testing, and evaluation, and the data-

processing and model-evaluation results given in this final report and in

the interim report, that all objectives given above have been successfully

met by this study.

This report is divided into six sections. In the first section, Data

Buoy System and Specifications, is given a detailed description of the buoy

system and its initrumentation for making the environmental measurements.

Complete details 6f the interfacing system are also given. This interfacing

system, which is the controlling portion of the operational part of the buoy,

converts all measured signals to a serial-digital format which is compatible

with most computer systems. It also allows for a wide variety of data trans-

mission methods and links, making this buoy system extremely flexible as far

as data links are concerned. Also included in this section is a discussion

of the accuracies associated with the system, with details of some of the

tests given, demonstrating reliability and performance. The second part of

this section gives the buoy specification details for making the prototype

buoy more adaptable to Navy Fleet operations. Specifically, recommendations

and specifications are given for significantly reducing the power consumption

of the system as well as a telemetry link, both of which would allow the

system far more flexibility and operational time on station without servicing.

Section II, Software Development, gives the very extensive software

programs and background information developed in this study. Over thirty

software programs were written for various application in this study. These

are grouped into four main program types given in this section. Also given

in this section are the objectives for the software development in this study.

Discussions of each type of program developed are given along with complete

functional flow diagrams and program listings for the various processors the

software was developed for. This section gives the program development in

Assembly Language, HPL, BASIC, and FORTPAN for the appropriate programs.

In the next two sections, Data Processing Using the Simplified t1odel

and Data Processing Using the Detailed Model, the processing techniques for

I' these two models are developed. Although specific details of the model

development are not given (refer to LSU reports to be published for this),
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the basic mathematical algorithms arc given which are. programmed in detail

J for the data processing of the wave and current data from the buoy system.

Inciudbd in these -two sections are brief over-views of the models, -a detailed

Saesc:riptioii of the programming processes, and program flow diagrams and

listings. This is done for two types of processors: a laboratory type and

a field type. The latter type of processor has the capabilities of being

simplified from a geheral purpose type of processor to a special purpose

processor, which could ultimately be repackaged for the specific application

of on-board processing in the buoy package itself.

Section V, A Field Data Collection System, contains the details of

the system developed for data -collecting and recording at the U. S. Army

Coastal Engineering Research Center Field Research Facility at Duck, N. C.

This system allows the simplified task of recording data from the seven

wave gauges, two components of current, a pressure-transducer wave gauge,

and a calibration signal. Data collected by this system was used for

continued model testing and evaluation. Complete details are given in

this -section including the overall system description and operation and

functional and block diagrams.

The last section, Field Tests and Processing Results, gives the details

of the field operations- using the buoy system and the data collected at the

CERC facilA1oy. Also, during some of the tests, ground truth measurements

were made. The methods used are described whereby measurements of the breaker

statistics were made at the same time that data were being recorded for the

off-line processing. In this sect-ion are presented summary results of the

data processing from the field tests, with comparisons of actual wave and

breaker measurements to the predicted conditions using the models given.

IP' Following Section VI are given the Oonclusions and Recommendation of

this report in which the major conclusions of the previous sections are

summarized and the recommendation for follow-on efforts are given.

C



SECTION I

DATA BUOY tVSTEMWAND SPECIFICATIONS

Part .. Data Buoy 'System

The design of the data buoy system involved consideration of many

factors. One of the major objectives of the design was to develop a I
measurement system that. would 6berate in shallow water outside of the

surf region and would be able to measure the hydrodynamic darameters

needed as off-;shore inputs into a prediction model for determining the

statistics of wave breakers and the longshore currents induced. A

secondary consideration was the-development of a system that might either

lead to or provide significant information for the design of an operational

buoy system that could be used in the fleet operations and would provide

outputs detailing the near-surf and surf regions of an area under consider-
ation. Although it was realized that this would be a multiple phase pro-

gram, ultimate end products were considered along the various development

stages of the present system. A specific example of this is the work

that was done in the processing area. Although considerable program de-

velopment was done using the NOSC outboard processors (specifically the

Hewlett Packard HP-9&Z5 system), much work was also done with processing

by microcomputers'. The objective of this latter effort is for the pro-

postZ capability of the buoy system to perform on-board processing, which

would undoubtedly use state-of-the-art m.croprocessing components.

Much of the development effort for this system was done by personnel

at the Navil Coastal Systems Center. Dynex personnel provided significant

inputs into the over-all system design, particularly in the area of inter-

facing the measuring instrumentation to the system output instrumentatlon,

The over-all testing and evaulating of the system was doneowith technical

assistance-and direction by Dynex personnel. NCSC personnel did the com-

plete fabrication of the buoy system as well as all deployment and retrieval

operations. Data collection and processing was done by Dynex personnel on

both the NCSC HP-9825 system and the Dynex COMPAL-80 computer. Actual

surf breaker, current, and wave observations were made buth by NCSC and

Dynex personnel during period- of data c6llection from the buoy system.

The prediction model information was provided by personnel from Louisiana

State University.

7it,
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The buoy system measures waves, tide, two orthogonal components (hori-

zontal) of current, water temperature, internal temperature, and system

calibration. The waves and tide are measured by a pressure transducer

wave and tide gauge developed by NCSC. A two-axis electro-magnetic in-

duction current meter measures the water motions in the horizontal plane.

The temperatures are measured by systems also developed at NCSC. A cali-

bration signal is added to one of the data output channels to monitor

system performance. In addition, a leak detector, also developed by N3SC,

was added to the system that would detect the presence of water in the

bottom of the buoy system. All of the signal outputs from the above sensors

are analog voltages. These outputs are fed into a multiplexing, digitizing

system for data transmission or hard-wiring to the shore. More details of

this system are given in a later portion of this section.

The sensors and all associated electronics are housed In a cylindrical

container, sealed to withstand at least 30 meters of water depth. The

housing is approximately 60 centimeters long by 20 centimeters in diameter.

In water, the system has positive buoyancy and must be ballasted by appro-

ximately 15 kilograms of weight, which is attached directly to the bottom

of the housing at the time of deployment. The current meter probe is

mounted with a bulk-head seal through the top C1 the housing and protrudes

almost .30 centimeters above the housing. The current sensors are located

near the top end of the probe in water relatively undisturbed by the housing.

The pressure diaphram and the water temperature sensors are also located on

the top of the housing.

The buoy system is implanted in a vertical position mounted between

two pipes that are jetted into the bottom for support. It can be readily

deployed by divers without special equipment except for water jets for the

support anchors. If the bottom allows it, screw anchors can be used In-

stead of the jetted pipes. The buoy system, including ballast, weighs

less than 25 kilograms in air; therefore, it is not difficult to handle

during deployment. In each deployment and retrieval operations were done

from a small outboard boat 6 meters in length. It is not expected that the

size or configuration of the buoy system for future models will change very

much from the present configuration, even with the addition of on-board

processing. Therefore, deployment of future versions is expected not to be
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a diffiult task. If necessary to accomodate additional electronics inter-

nally, the cylinder can be lengthen'ed by using a longer housing than the

present model. It is expected that these future vers~ions still would not

be too difficult for one ,person to handle.

A major consideration in the design of the buoy system was the method

of getting the analog signals 11tom the sensors to the processing equipment.

Desirably, the data would be sent in digital forn in order to obtain the

most 4immunity from noise and other degrading factors. Also, in order to

avoid having many signal lines between the buoy and the receiving station,

a serial not a parallel system was needed. A very important consideration

in the design of this interfacing system was the formatting and makeup of

the data. With future on-board processing in mind, a format that would be

directly compatible with microcomputers and other similar processors is

what is needed. Each of these considerations fit very well into an

interfacing system that had been developed by Dynex for another NCSC

task. This system, called Information Transmssion System (ITS), takes

multiple analog data channels (up to 128), multiplexes them into a 12

bit digitizer (giving one millivolt resolution out of four volts), con-

verts the para~llel output data into two eight-bit bytes, which are

sequentially applied to a standard UART (Universal Asynchronous Receiver

Transmitter), from Fh2ch the data are sent in a bit-serial, digital format.

This serial format is completely compatible with computer standards for

serial data transfer, i. e., meets RS-232C standards. Therefore any

computer processor with a standard RS-232 serial interface can accept

the data from this buoy system without any further modification.

The ITS system was interfaced into the buoy system essentially without

modification from the latter design version. The incorporation of this

system into the data buoy had several advantages in terms of data recording,

transmission, and computer inputting. Two previous reporteI give specific

I.Pidgeon, V. W. "A Development Study for a Field and Laboratory Data System"
Dynex Consulting Company Report, FR-XVI-1, dated May 30, 1979

Pidgeon, V. W. "A Development Study for a Field and Laboratory Data System,
Phase II" Dynex Consulting Company Report, FR-XVI-2, dated

November 1, 1979
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details of the system, opetation, ahd application, including details of

the programming with flow diagrams and ctrbuit drawings. However, a,

brief over-all discussion is included in this report for completeness.

The interested reader is referred to the above referenced reports for

more details.,

An important consideration in the- transfer of data from the measuring

-source to the processing system is the preservation of the data as nearly

as, measured as practical. Secondly, the ability to input directly into

the processor with minimal reformatting means more efficiency, fewer

errors, and less processing costs. For on-board processing, 'both of

these considerations are almost mandatory. These factors are the prime

ones considered in the development of the ITS system, and they also made

N it a prime candidate for the data buoy system. The addition of ITS to

the buoy system allowed considerable flexibility in how the data could be

handled, once it was obtained in the buoy. The data could be transmitted

Via standard' telemetry links with relatively low bandwidths. Or the data

could' be directly connected with the beach site- via cable. This latter

version was selected for these preliminary tests since both data signals

and buoy power could be cabled between the beach site and the buoy with

a modest cable having as few as four conductors -- two for power and two

for signal.

After the data were received at the beach site (NCSC Beach Tower #1),

there were two primary choices of what to do with the data at that point.

The data could be recorded directly on a digital recorder and later taken

to the processing site. The method, however, would require either a person

to be on the site to do the recording or for the recording to take place at

designated intervals under' control of a timer. Since it was very desirable

to take selected data and not data that would be recorded at set intervals, ¶

and since it would be costly to always send a person to the site to do the

recording, this method was not used except when personnel were on site for

other reasons. The second method, which was selected for most of the data

recording, was to input the data signals directly frrom the buoy cable into

a standard Bell 103-type telephone modem that has auto-answer capabllities.

Since the data from the buoy is standard RS-232 format and is transmitted' at
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with. this type modem. Thus, when if wasdesired to take- data or, to check

the buoy operation, all that one had to do was t.. call uý the buoy 1from 4

NCSC or the,-' ynex office with either an acousti 'coupler (w•ich• was used

by NCSC) or a modem (which was used by Dyhex),. When the modem at 'the beach

:tower auto-,answered, the handshake was completed -t the originating end. At

this point, data began to stream in and continued until ,the originating source

turned off its lock-up tone or the calling phone was hung-up. The data that

was received could then be used in several ways. It could be checked to

ascertain proper buoy operation, it could be used to determine the rea1-time

conditions in the Gulf of Mexico aet that time, or it could be directly

recorded or input into the processor for data processing4

This method of interfacing the data and applying it to a modem allows

the data to be called up from anywhere in the world that a telephone can

call the number of the modem at the beach tower. The calling person would

then be able to receive in real time the datr from the Gulf of Mexico.

This application added considerable flexibility and power to the data buoy

system.

In order to be able to sample the wave data rapidly enough to detail

with accuracy the wave profile, the wave data were sampled most often of

the data. This was done by putting the wave data on every other channel.

Interdispersed between the wave data were the other signals. The specific

channel assignment of the data is-given in Table I-1. With the ITS system

running at 300 buad, .the wave data were sampled almost five times per

second. This was sufficiently fast enough to well profile the waves. (It

is necessary in the data processing to determine the peak and trough of

each individual wave as well as its period. Therofore, an accurate re-

production of the wave profile was necessary. More details of the data

processing are given in those sections.)

The buoy system was thoroughly checked out 'and tested prior to each

deployment. An extensive testing was done on the ITS system to determine

the stability and reliability of the system. This testing was done both r
in this study and the other related studies under which development of the

system was done. A three-month testing period under a large temperat~re
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valiation, showed that this system was stable to one millivolt or less
.i ith the system .error never exceeding this amount. ' Also- during this time.'

period tdere were no failures or m:ifunctiqns of this system.

Several other tests were perfbrmed to determine the reliability of

the data. received over the transmission lines and for.an over-all checking

of the system. Knoxid&ta-such as the calibration signal "was checked re-

peatedly •and was found- to be- within. one bit during all testing. Extensive

testing• •f traqsmitte, data over the phone lines was done to validate that

link and the ITS system. Several hundred thousand readings have been takIen,

and the address of each reading checked. The resuits of these tests. have

indicated the system to be alm6st entirely error free. 411 tests to date

indicate that this buoy system is -, reliable one and an accurate one for

making the tyjpe of measurements for which it was designed.

TABLE I-1. DATA BUOY CHANNEL ASSIGNMENTS

CHANNEL NO. SINSOR/INSTRUMENT

I Wave Gauge

2 Long-shore current

3 Wave Gauge

-4 On-shore current

5 Wave Gauge

6 Tide Gauge
7 Wave Gauge

8 Water Temperature

9 Wave Gauge

10 Long-shore current

11 Wave Gauge

12 On-shore current

13 Wave Gauge

14 Voltage calibration/leak detector
"15 Wave Gauge

(9 16 Internal buoy temperature
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Part II. Data Buoy Specifications

In the first part. of this section are given discussions on the buoy

system and its instrumentation, test and evaluation of the system, and

i-ts application in the NCSC field tests. The results of the first study

given by FR-XX-1 demonstrated feasibility of this prototype data buoy

system. Now that this study is complete, specifications can be given,

based upon the previous usage results, for the overall design of a field

data buoy system.. The intent of these design specifications is not to

give the-specific coipo6ent details, but rather to summarize functionally

the-prototype system and tq suggest areas of modification for making the

system more adaptable to a variety of Navy field and fleet operations.

The major areas in the prototype system needing modification are

the high-power drain components of the system and the lack of a remote

(non-cabled) operational capability. The components needing improvement

are discussed along with-suggested modifications in the following paragraphs.

Also discussed are means of freeing the -buoy system from a data (and power)

cable to the shore site by use of a suggested telemetry system.

As given in the previous part-of this section, this data buoy system

consists of a two-component, cartesian cooidinate current meter and a

wave and tide gauge. These are the instruments for measuring the required

parameters for the predictions models developed by LSU personnel for this

study. The tidal information is needed to give the average water depth

at the -time of the wave readings. This information could be supplied by

making a depth reading at the time the buoy was implanted and also

using a mean tide reading in addition. This, however, would not be as

accurate, particularly for deployment in lesser water depth, as using
the measured tide from the system. Unless the wave gauge on the sub-
merged- buoy has a- tide leak, the tidal information is mostly already

there either to be filtered off or processed digitally by ztatistically
Sremoving the mean from -the wave data. Most pfessure-transducer wave

gauges that are used in not-too-deep waters would provide this total
•ihformýtion concern-ng waves and tide. The concern is in addition w oa

Sthe accuracy of the2 gauge, the power consumption of the instrument. ItSshould be one of low-power drain as the one used in the NCSC data buoy system.
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This is usually accomplished by using CYOS or other equivalent low-pbwer

[ circuitry.

in addition to the wave gauge, the other required instrument for

providing the needed input information for the surf prediction model is

a two-axis current meter. Past experience has demonstrated that rotor and

vane current meters are not suitable for this application due to their low

reliability of operation, particularly in waters where bio-fouling and other

types quickly limit the operation of the system. For these reasons and

because the techniques are so well advanced, an electro-magnetic induction

current meter, such as the one used in the NCSC system, is strongly re-

commended. These meters, in addition, have higher response capabil.ities

than the mechanical type .meters, making wave following more accurate. An

"additional requirement, which may be- part of the current meter, is a compass,

unless the buoy is always either oriented in a certain direction or the

orientation of the buoy measured when deployed, This is needed in the data

processing for the prediction model.

State-of-the-art current meters and pressure-transducer wave gauges

recommended for this system, in general, are well within the accuracy

requirements. A wave height measurement in shallow water to an accuracy

of one-tenth of a foot resolution (relative) should be well within the

capabilities of most off-the-shelf gauges. For a three meter wave height,

this corresponds to one part in one -hundred'. However, where the problem

becomes more stringent is in the measurement at -he bottom of the shorter

period waves, where water-depth attenuation has reduced the signal level

considerably. But once againj most state-of-the-art pressure-transducer

wave gauges should have this capability to measure, as example,, a wave

with a period-as short as 3 to 4 seconds in water depth of 5 to, 20 meters

to a relative accuracy of 3 centimeters. (Remember that absolute measure-

ments of wave height is not required, but a relative reading of the peak

to trough difference In tbe readings is used. Alsolute reading of the

tide (mean water level) is needed, but this can be less accurate by 2 to

4 times and still, be •satisfactory within the model limitations, except

fT(r very-shallow• water applications.) In addition, current-meter accuracies

C of five degrees should be more than sufficient for this application. A

t
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study done on the effect of accuracN of the current,, waved and tide measure-

ments has shown that the above give•i accuracy requirements are suffucient to

keep the scatter in the prediction (due only to measurement error) to one or
two percent for most typical situations. Repeating for emphasis, this

scatter of one to two percent is only due to that produced by error in the

measuring instruments and is not the prediction capability of the models.

(See Section VI for a discussion of the prediction accuracy of the models

themselves.)

In addition to the above instruments, the NCSC buoy system has two

temperature gauges, one for water temperature and the other for internal

buoy temperature. Two other instruments complete the package: a water

leak detector and a calibration source. Each of these instruments add

capabilities to the system but are not required for the primary task of

predicting surf-zone parameters as given.

A major change recommended for the NCSC buoy system Is in the area of

power consumption. The present prototype system requires approximately

4 watts of power for all of the on-board functions. Reasonable battery

packs for this application range from a modest size of 20 amp here-hours

to a large size of 50 amp-here-hours. For continuous operation, this would

give only about one to two full days of operation of this system using the

aibove range of battery sizes. Even with a twenty-five percent duty cycle

of thirty minutes on every two hours, as an example, the system could only

operate for four to eight days, depending on the battery-pack size and

type. For most operations, this prohibits the collection of very much

background information. And, for many operation, frequent changing of

the battery pack would either be difficult or prohibitive. Therefore,

either larger battery packages are required or a lower-power system is

needed. The bulk and expense associated with the larger battery packages

very quickly suggest that this is not the solution. Thus, a lower-power

buoy system is needed.

The major area of power consumption in the NCSC buoy system is in the

(• multiplexer/analog-to-digital-converter, requiring some two-thirds of the
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"(L9 total systems power. The problem can be easily and-efficiently corrected

at a relatively low cost by modifying this part of the system. It is

suggested that the multiplexer and the A-to-D converter be replaced with

state-of-the-art CMOS devices instead of the power hungry NMOS devices

currently being used. This part of the system was designed for a land-

based application, where power was not a consideration. In a remote-buoy

operation, power is a prime consideration. There are many such CMOS devices

that would meet i1he needs and requirements of this system. Two such suggested
devices can, be ot~tained fr-am Analog Devices, Norwood, Massachusetts'. tor

the A-to-D convertert A1J7550, a 13-bit A/D, requiring 20 milliwatts total

power or less; and& for the multiplexert AD7506, a 16-channel mux, requiring

2 millimatts total. Most of the other chips in this part of the system are
already CMOS. However, those that are not all have a corresponding CMOS

version, most of the time pin-for-pin interchangeable. These changes would

make the data interfacing and digitizing portion of the system one of the

most efficient parts.

In addition, the current meter uses more power than necessary, although

its consumption is not excessive. Going to all low-power chips in this

meter would help the consumption. However, a large part of the drain is

not so much in the amplifier circuitry of the measured signal .s is the

drive power in the magnet; producing the field in which the current is

measured by the voltage induction of a moving conducter (the water) in a

magnetic field. Once again,, this current meter was designed for generalized

applications. By reducing the drive to the magnet, the accuracy of the

system is reduced, because the signal-to-noise ratio of the system is also

reduced. This can be afforded to be done in this system since small current

flow is not being measured; rather the flow associated with the gravity

waves is the measured parameter. The amount that the drive power should be

reduced is dependent upon at least two factors: the relative power savings

compared to the total system and total time of operation; and the effect of

the reduced accuracy on the requirements of the specific application of

the buoy system.

If the suggested power savings are added to the NCSC data buoy system,

total system power can be of the order of one-half to one watt. This would
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extend, operational time for the prototype version a factor of up to almost

an order of.-magnitude. Ohe to two weeks or more of continuous op,--ration

would be feasible. Using a 25% duty cycle, one to two months of totai

operation could be obtained. These lengthened time periods without the

need for battery servicing would make this buoy system suitable for most

fleet and test operations.

A final pmopsed modification to the prototype buoy system is that of
a telemeltry, transmitter, allo,ýtfng the reception of real-time data from the

buoy without the present need for a data. cable to the shore site. This

modification has been ordered by NCSC for their buoy and is expected to

be delivered in the near future. The transmitter/receiver system is a

model A-4 modified system manufactured by Telecommunications Enterprises,

Panama City, Florida. It is to be a self-contained system with its own

power source, capable of command interrogation from the receiving site.

In this manner, the user can select to turn of the system (Including the

data buoy system on the bottom) to receive data. This type of operation

will considerably extend the total operating time of the system unless

the system Is Tmote fr•qpuently.'turncd on than those intervals given above.

Even in the "high-power" operation (100 milliamps) of this transmitter

system, over-the-water ,ranges of 200-250 miles are expected, with the

resultant battery life of this part of the system compatible with the

time p~eriods of thc -rest of the data buoy •.stem.

I
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U SOFTWARE' DEVELOPMENT

During this 22-month study period, over twenty software programs were

devel6ped for use in this study and for future applications. This large

number of programs developed is the result, of two basic factors of major

consideration in this study: (1) the development of programs for different

types of processors and (2) the development of different versions of

similar programs allowing the end user to implement a particular program

with minimal modification.

The objectives of the software development portion of the over-all

study are:

1. To develop control, formatting, and processing software that could

ultimately be used for predicting surf-zone parameters from measured off-shore

data in any of the following applications:

a. complete on-board data buoy operation (within the buoy)

b. complete remote processing (only the raw data sent from the

data buoy to the remote processor)

c. a ,hybrid of the above with limited on-board processing and

final processing done at the remote processing station

2. To develop display software that would allow an operator to obtain

in real time both a quantitative and a visual, dynamic description of the

environmental parameters being measured by the data buoy.

3. To develop programs. for the test and evaluation of surf-zone

prediction models and for testing , 1 evaluating a data-buoy system.

Some of the program. development was done for a specific objective or part

of it, and some of the development was done for more than one objective.

Almost all of the software given in this report was new development or

extensive modifications of previously developed software. Some of it,
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however, had been developed in other similar studies and involved less
,extensive modifications for. the specific application.

Four types of programs were developed in this study. They are:

1. Programs for checking, testing, and validating buoy data

2. Programs for displaying buoy data for operational applications

3. Programs for collecting and storing buoy data

4. Programs for buoy-data processing and predicting surf-zone parameters

including model evaluation

Also', four different programming languages were used in this study:
FORTRAN, BASIC, Assembly Langauge (Intel 8080), and HPL (language of the

Hewlett Packard HP-9825 computer system). Not all programs were written

in all four languages. Many were written in only one language -- that of

the processor being used for that particular application or the type that

is expected to be used. However, some were written in FORTRAN (often with

Assembly Language subroutines", BASIC, and HPL.

Since the programs are expected to be used for a variety of applications,
often the processor on which the program, is being used determines the I
required programming language. Most of the programs developed- in this

study are not extensive and time-consumming by standards of large computers.

This means that for processing and displaying done remotely, that is on

raw data received from the buoy, the computer need not be extensive either

in terms of speed, size, or support capabilities. The two Hewlett Packard

computers used in this study, HP 9825 and liP 9845, as well as the Dynex
COMPAin-80 microcomputer system are examples of this, and their performance

in this study well demonstrated the feasibility of their application. Of

the langauges given, most similar types of computers use versions compatible

with those- given. The FORTRAN IV used is ANSI 1966 standard with a few

extensions (that most FORTRAN systems have today). Thus, these programs
( should be directly adaptable with only minor modifications for moehsystems

using FORTRAN compilers. The procedure for use on another system would be
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to take the source program as .given in this report ,nd compile it using the

new computer FORTRAN compiler and thenm, o link it with the host library

routines and those of the compiled program.

For programs to be used directly within the data buoy itself, there

are several methods of application. If the on-board processor is an Intel

8080 or a generation related to it or one that has as• a subset of its

assembly language the Intel 8080 code (e. g. Zil6g Z80, as well as the

later Intel processors), the code can be used as it is or with minimal

modification. Once again, the source code can be assembled using the

assembler of the candidate processor, converting it to machine code, which

can be stored in PROM (programmable read only memory) or loaded from tape

or other storage media directly into memory. This is also the situation

for the FORTRAN programs that are to be used on-board the data buoy; The

compiler must produce machine code compatible with the microprocessor that

is being used. With a good, efficient compiler and FORTRAN library routines,

the machine language code produced should be almost as efficient as the code

produced by an assembler, with considerably less effort involved. Most

programmers well know the advantages of higher-level programming.

The remainder of this section gives a generalized discussion of the

various programs developed in this study. Those programs are div.i.ded by

category following the program types given above. In addition to the

program description given are listings and flow diagrams for almost all

programs. Most of these follow at the end of the section. The major ex-

ception is for the programs for the surf-zobe prediction models. Fuller

discussion, complete with detailed flow diagrams and listings, are given

in the following two sections, Section III for the simplified model and

Section IV for the detailed model. Where more than one langauge version

of a particular program was written, the separate program listings for

each version are given. However, the program discussion is generalized

such that the over-all program is discussed, then the specific details

of each of the different language are discussed where appropriate and

needed. The flow diagrams are functional in nature and are not specific

as to individual detail; therefore, separate diagrams for the different

versions are not required for understanding each version of the programs.
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4 -Part I

Data Validating and Checking,

Generalized, routine for decoding and latching raw data stream. This

routiiie is being given as a separate program although its use in this study
• almost always was-as a subroutine within another- program. However,.because

of its importance in the other programs it is being given and discussed

separately. This program takes the raw data-from either the buoy directly

or recorder data from .a digital tape recorded and does the control input

routines for the computer's serial port. The data is sent or recorded

serially in 16-232c format at either 300 baud for data from the buoy or

1200 baud for data from the CERC Field Research' Facility at Duck. As

previously given, the raw data is formatted such that no additional

formatting or computer interfacing is required other than a standaerd

RS-232c serial input/output port. The control program sets up the serial

port (the UART -- Universal Asynchronous Receiver Transmitter) to receive

8 bits of data, even parity, and I stop bit. The status of the input port

is checked to ascertain whether a data byte is present or not. When there,

the parity flag on the UART is checked to see whether the byte contained

even or odd parity. (This allows the determination of whether or not the

byte is a high byte (with the data word address contained in it) or whether

it is a low byte. Refer to discussions in Section- and in particular Uo

the two Dynex reports referenced in that section for more details of the

data format and hardware description.)

The hi byte is located, at which time the word address is stripped

off and checked. When the first channel address is found, the data stream

is in synchronism, and the data are ready to be read into the computer

for use by the processing program (either for checking, displaying, or

storing for later processing), In general, the program continues to check

the address on each. data word to ascertain that lock on the data stream is
not lost and that-vralid data (as far as address is concerned) are being

received., Functionally, the various language programs are identical. The

various program language versions are given in Program Listing II-1 and the

flow chKrt in Figure II-1.

- ---------- ---- . - . . - - -



Routine for checking individual data. This routine has- two parts

that input the;raw, data either directly from the data buoy or from the

recorded data from the buoy. The first part of the routine is the latching

routihe described on the previous page. Once the data stream is latched at

the selected address (usually the first address channel -- address zero or

channel one), the-checking portion of the routine begins. There are several

-* sub-parts to this checking routine, and they actual manner in which the data

are checked depends on the specific program. There is one for the HP-9825

and one' for the COMPAL-80.

In the HP-9825 program the address of each data word is checked, and,

if an error is encountered, a counter can be incremented and displayed,

allowing the operator to determine whether the data' stream is coming in

•reliably as far as the addresses of the data aire concerned. Next the

-routine can select either a particular channel to display or all channels

can be displayed sequentially. Several different versions of this routine

have been 'used, although only one is given in this report. Before displaying,

the data word is converted from high-byte/low-byte format into a voltage

using the conversion f.ctor associated with the analog-to-digital converter,

and then it 1is displayed in engineering units using the conversion factor

associated with the particular instrument making the measurements. This

routine is particularly useful in reading and checking the calibration

voltages in the system to detarmine system drift or other problems in the

operation.

The COMPAL-80 version of checking the data is considerably more simple

in scope, but gives the operator a far more detailed description of the

actual data bytes as they are received. The routine displays each data

byte in hexadecimal format as a continuous stream across the CRT display.

The address all line up vertically, making continuous checking and obser-

vEtion~of trends very easy to the trldned observer. This routine does not

allow the operator to directly check the actual engineering-unit value of

the data channels since conversion from hexadecimal bytes to engineering

unit words must be done. It is excellent for checking the over-all operation

-of the system, however. The program listings are giyen in Program Listing 11-2
a• - and the flow charts in Figure II-2.



Data checking and validating using FFT processing. Because it was felt

that some of the more important data being used to test the surf-prediction

models were not valid, it was decided to p,-e more sophisticated methods of

checking and validating the data because of the importance of the usage of

the data. On later data received from the CERC facility at Duck, N. C., it

was discovered from careful analysis that two pairs of the wave-gauge data

were contaminated, probably with cross-talk of one channel leaking into the

other. Because this could not be ascertained completely by directly observing

the data, more reliable statistical means were employed to check these data.

This was done with the-use of cross-spectral analysis. (More details of

the Duck-data are given in Section VI.)

This routine, uses as the core of the processing the Fast Fourier Trans-

form routine, very widely used and described in other literature and will

not be discussed in detail in this report. Basically the routine takes in

the data by selected channel pairs, each containing 128 data points, which

are time-weighted using a cosine-squared weighting technique to minimize

edge effects of the records. Next the means and RMS's of the two channels

are computed, and the FFT coeficients are also computed. From these

coefficients the auto spectra and the co- and quad-spectra are formed.

From these spectra the coherence and phase spectra are calculated with the

resultant matrices printed out or displayed on the CRT. This program was

used to verify that indeed the data suspected were invalid and that the

use of them would lead to erronous results in testing the prediction models.

Although the FFr routine given in this program is rather extensive

in terms of programming steps required, it more than makes up for this in

its efficiency in running. In general, it is a faster routine than others

tested against it. However, the main advantage of this routine is that it

uses all real data inputs in both the real and imaginary arrays. A sub-

routine, RLTRAN, converts the results to all real values in the spectra,

meaning that a 128-data array of real values will yield 64 spectral lines

in the results. Hanning (frequency smoothing) is also part of this program.

The listing is given in Program Listing 11-3, and a very simplified flow

diagram is given in Figure 11-3.

wf
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Part II

Data Displaying Routines

F Routine for Printing or displaying data in engineering units. This

program uses the routine for latching the data stream that is received

either directly from the data buoy or recorded data in the manner previously

described. Next all data channels are converted to data words, next to

voltages, and finally to engineering-unit data words, using the appropriate

conversion factors. The program cycles through eight sets of sixteen channels

of data, either putting the results into a data a-ray or storing them in

memory to recover in an array when the processing begins.

Once the converted data are put into the designated array, the data

are formatted and printed out by function, with water level (waves) given

first, tide next, followed by on-shore and long-shore currents, water and

internal buoy temperatures are given next, with the last print out for the

set being the calibration voltage of the system. There are 64 wave readings,

8 tide readings, 16 readings each of the current componebtsi and 8 readings

each for the temperatures and calibration voltage. At the end of the print

out or display on the CRT, the program automatically recycles and starts a

next series 6f readings until terminated by the operator.

Such a program was developed originally for checking and validating

the buoy data but has many applications. For a remote buoy system, the

operator can either call-up the buoy shore site station, as in the case of

the NCSC buoy set-up, or receive directly via telemetry the data. Theft

this program can be executed given the results in real-time for the operator

to make immediate observations of the enmvironmental conditions at the buoy

site. If the buoy is tied into~a shore s~te with a modem, the buoy can be

called from anywhere in the world that the number can 'be dialed or called,

requiring only that the operator have a standard acouttic coupler or modem

and reliable telephone communication. This gives a very effective way for

real-time observations. A sample print-out of this program with real data

is given in Figure II-00, a flow chart in Figure 11-4, and the program

(. listings in Program Listing 1I-4.
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Figure 114-. Sample Printout of Data Buoy Real-time Monitoring.

..W)TER LEVEL CW)VES ) IN' C:-N'"'i..TE...... ( ' r D 0W 4
1i2. 95 -1.94. -4.6.30 -27.54. 12.0, ",).4.8 .412 7 I.2 -3/.07

:15. 63 -- 49:1. -4.2 1" 3 .... :L 2 9T 1.. 0 7 5.1.2 .. 65': ""1.6.t32 -3,6. . ... :'l .76 :L"' 9""::". ."1 . 27

16.23 -23.67 -.35.28 -:13.55 4-. 43,32 1.04. -32.30 -34. 39
22.78 -33.20 "37.07 2.53 8. 78 --2.53 --33.20 -23.73
18.61. -37.37 -32.60 1.64- 13.55 -.11.17 -27.14 --21 5 . 75
15.03, -40..05 -23.97 2.83 15.0 03 "-'1. 6 .. '.. ",', -30.52 -20.99

-. 4.5 -4-3.,32 -1.9 .50 3.13 -1. 2.-- 69 -- 15..04

TIDE LEVEL IN ME TEl'(.S,
5.4.3 5,+44. 5.45 5.42 5.32 5.40 5.43 5.4"f,:,

ON-SI-HORE CURRENT ( Y ) IN CMiS ( RIEAD DOWN)
"--4.84 -14.52 7.1. 16.00 5.53 -'"ý 9.31 -.. 6 7.07

-11.54 . 1.86 :1.83,9 12.2 201, --- 3.35 .... 8.56 -- .37 :13. 02
LONG-SHORFE CURRENT (X ) :11-4 CM/'S ( REAI. DOWN )

2.60 4*09 4 .08.i. .3,7 3.-T(i.q..0 i, 37 -, 6!.

.37 5,58 37 37 7 . 07 4 . 09 "-1.12 -3.35
W AT 'r' TI'MF'ERATUFE IN D1E-" C

18.02 18.02 1.8.02 '.02 18.02 14.1 . 02 10.02 1.3,022
INTERNA _ -,jOY . . .. 1\ """ rN "EG ,.

22.23 21.50 21.43 2:1. .3:1. 21 .4 3 2.1.36 2 1. 1- 21: ,28
CALI.ITRATION SIGNAL :[N VO)LTS (REF':0,. 0)

.001 .001 001 001 +00:1. .00:1. ,001 .0:L1

WATEIF4 LEVEL ( WAVES ) IN CIN'T :I:FET:R, (RIr<IiADIWN )
3.42 13S.61 -35.28 53. 74 16. 52 22.78 .. ,49 .43.92
9. 38 17. 1:2 -4.3 . 6,3 -36.4.7 24 . , 20, :10 .:1. -..40:1. ,",

10 . 87 14.44. -4,7'. 49 -2. 95 23 , 3ý 1. *55;:1. .59 -. 37 . 96
22.:LB 12.95 -53.44, -- I5.63 2 r5 .4.6 7.00 -. 73 -,4/ , 62
2-1. SO 1 93 -56. 12 -16.6).2 30 .22 -- :1. + 64 .62,.6 .37,07
32.01 -i-0.27 -54.04 ..-. 3. V13 260 Z,.42 3; "0.2
.33.4.9 -1.6.82 -57.6:1. 3 ,1.3 23.07 "'" 7(:8 " ..32 , ,
24.56 -23.07 .-5:166 10.57 23 .67 :1.3 . ' 9`."@.26 .... 2.4 7

TIDE LE:VEL IN ME"'EIFES
5. 42 5.40 5,45 5,4.41 5.33 5.37 5 * 45 5.44.

ON-SHORI"E CURRENT (Y) IN CM/S READ:t DtOWN )
10.05 -14'.52 .37 22. 70 9.30 -6.33 -- 5. 5 7,0:1.
-- 8.56 -15.26 1.4.,5:1. :15. 26 2.60 -- 85,5• 1.11 9 :19.72

LON(,G-,HOIF.E CURRENWT (X) XIN CM/S ( I:IEAD DOWN '
-,5 40-2,.. 4 6: -' 4. 2 6 6 33 1.11 i:1 :1. 86
2.60 4.09 :-1.2.6 212. 4.09 5.5,1 3.,35 3 .

WATE:R ...L.:'. " , FI::,rA FL*TiJI'•E. TN, DI:(• C

:1. .02 184,0,.' :18,02 18.02 :1.3 02 :1. ,% 0 :08 1 0.02 13,. 02
:[NTEF:ýNAL. DUOY D-4MFER,.TURE IN I:L"G ("

21.43 21.53 21.213 21.*2 2:1,33 2 1. 36 2:1..33 2:1. .50
3IO IGNNAL- :xN VOLTS, (I' REFI=0 +. )

.004 .001 ,60:1. .00' . 0 0:. O :i.. 00.1 .00:1

*1
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I'Routines for dynamically displaying wave data. Two programs 4were

written for dynamically displaying in real time wave information either

from the data buoy or from the field facility at Duck, N. C. The first

program, for the HP-9825, displays only one parameter at a time due to

the speed and display limitations of the system. As in the previously

described .programs-, this routines latches onto the data stream, determines

the selected channel, and converts that channel to the appropriate units.

Then the program wipes the display clean, puts on a wave height axis in

the appropriate finits, and puts an 'x" or any other designated ASCII

character at the approprlatc height location. As the next data point

comes in for that channel, the previous point is blanked, and the new

one is displayed. The cycle continues until the operator terminates

the program. Actual wave motion (or current movement if selecteAd) can

be directly observed in real time in calibrated format. Thc -operaitor

can see directly,*,in real time, wave-motion that is happening at a distant

location, which could be as much as several tnousand miles away.

The second program was written for the COMPAL-80 which can be used

on other similar computers with a FOR1TRAN system and a serial I/O port.

Because of the increased speed and display capabilities of this system,

seven channels of data can be displayed in real time simultaneously. This

format was selected specifically for the data received from the CEPC field

site at Duck. ,Seven wave gauges are being monitored, from the seaward end

of the pier all the way in to the breaking region at the shoreward end of

the pier. In a -similar manner as given above, this routine takes the data

from the seven wave channels, converts them to the appropriate units and

displays them in real time with the designated character. Each channel

has its own separate location on the CRT and is spaced laterally from the

others making observation easier and direct. Almost four readings per

second per wave gauge are displayed, giving a very dynamic picture of the

wave situation and distribution at that site.

The program could be easily modified to display other parameters than

waves. Or it could be modified to display the information from several

different sites simultaneously. This could be one application for the

situation where several data buoys were implanted off-shore of a potential
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operations 6t strike area. The observer could display each oft the wave

channel§,from each of the data buoys at the same time and in real time if

tie data were being transmitted in real time. Direct observations could

lead t6 on-ihe-spot decisions, not based upon the results of one site

extrapolated to another, but on6 the collective field of information-. Such

dynamic display capabilities can augment and complement other types of

processing very well, offering an added dimension to the kesults,.,o

The flow d1agram ds given in Figure 11-5 and the listings in Program

Listings II-5.

Digital strip-chart-displaying.. This program was developed' -ýr use

Sin the data. analysis and model prediction testing and, valuating. 'However,

because of its extensive display capabilities and pote'tial applications in

this area, it is being included in this part rather in the part on data

processing. This routine requires a graphic display with medium to high

resolution. State-of-the-art techn.ol6gy in displays and video drivers

have made this requirement one tha,.t is easily within the reach of most

systems today. The HP-9845 has very ekcellefit capabilities in• this area

and was selected for this part of the, study (primarily for the data pro-

cessing and model -testing). 'Any display with a dot resolution of 400 to

500 dots or so on a side is very adequate.

Because the RP-9845 was not able to keep up wi-th the data recordings

from the Duck facility in real time (thus making data reduction t'mes con-

siderably longer than data collect times), the data were read,, converted,

and stored on disk by the HP-9825. This routine is discussed in a later

part on data collection afi storage. The data were then read into the

computer from the disk storage, the means computed/and removed from the

individual data points for each wave gauge channel, and the resultant data ap-

propriately converted to height units and formatted. Then the operator,

selected a subset of wave data for each channel,, 'and the results were

plotted across the CRT in a strip-chart manner. The approprlate time

grids along thei horizontal axis and the height grids along the vertical

axis were added to make the display complete. In this manner, one could

have in view as much as five minutes or more of wave records for 'all seven
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- wave gauges. The dis~lay gives a very det~iled time history of the records

s,. for each of the gauges. Trends can be observed And-easily followed. Shoaling,
breaking, and other similar effects can be either directly or indirectly ob-

served through this. process. Its application to this study is discussed in

lafer parts of this report. Its appiication: to other situatio-%and fleet

operations follow much of that given above for -the -other display programs.

It can also be used in #ther research programs in which wave modification

studies are being done.

The flow diagram is given in Figure Ii-6-and the program listing in

'Program Listing 11-6.

Paft III

Data Collection and Storage

Routine for collecting and storing data from •the buoy. A programn was

written both for the HP-9825 and the COMPALD80 for collecting, formatting,

converting, and storing ;ne data from the buoy, either taken directly or,

as used almost all of the time, from recorded digital tapes. The program

uses the, latchihg routine described above to locate the proper address

for starting the sequence. The data from each wave-gauge channel (1,3,5,

7,9,11,13,15) is then is put 'into a long string array in byte format to

save space both in memory (most important for the HP-9825) and on tape.

In addition, each of they other channelswere also put into the same string

such- that all of the data taken from the buoy could be recorded on a tape

that could be used directly in the HP 9825. Approxfuh.tely ten minutes of

continuous data-were stored in each set, representing over 3000 data words

of wave height and an equal number for the other •parameters totalled to-

gether. (Note that this data is from the buoy having the format given

in Section I and is for only one wave gauge -- not seven as in the CERC

data fromn Duck.) At the end of the ten-minute' period, the data are

stored on tape for later processing. The cycle can be repeated. for all

of the data that is to be stored in ten-minute sets.
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The FORTRAN program on the microcomputer is functionally the same as

the HP-9825 program. The data are read directly into memory in byte format

as above. However, instead of going into a string array directly as given,

the data fill a memory array prior to being stored. Considerably more data

points can be taken continuously by this system due to the large memory size.

Although the program is set-up to do a given number in the set, this can

very easily be made a variable. At the end of the data collection, the

results are stored either on disk or on tape. The flow diagram is given

in Figure 11-7 and the listings in Program Listing II-7.

Routine to crunch data files. Due to the limited memory size of the

HP-9825 that was in existence at the time of the data processing, there was

not enough room in memory for the large string array given above and the

required pricessing program. Therefore, a routine was written that took

the large file stored by the previous program and crunched or divided it

into three smaller files, each containing 1024 data points of wave infor-

mation. The resultant smaller files were restored for use by the data

processing programs in the next part. As in the previous program, there

is a complete set of file identification information giving the test date,

time, run number, and tape file number. This information was stored in

the last string of the array, thus preventing lost of identification of

the data or other mix ups. The flow diagram is given in Figure 11-8 and

the program listing in Program Listing 11-8.

Part IV

Data Processing and Model Testing

Data processing program for the simplified model. Section III gives

a complete discussion of the simplified model developed for this study by

J. N. Suhayda of Louisiana State University and the programming used in

testing this model. Refer to that section and reports by ILSU for that

information and program listings. Also refer to Section VI for results

of the data processing and analysis of the model testing.
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SData processing -for-thedetailed model. Section IV gives a complete

discussion of the detailed model program including a brief background of

the equations programmed for the model testing. This moiel was -also de-

veloped by Suhayda of LSU. Reference is made to his reports for details

of the model itself and to Section IV for the programming details and

Section VI for the results of the data processing and analysis of the model

testing,

Modified processing for the detailed model. This routine was developed

for processing the data from the CERC field site at Duck, N. C. Because

the wave data were obtained from the readings on the strip-chart digital

displays described earlier and in Section V1, the detailed processing

program was modified to input from the keyboard the wave height and period

read off of the strip charts. The program then used this information to

compute predicted breaker information identically as in the program given

in the later section of this report, the only difference being the method

of inputting the information. Because this program may have other applications

than that given here, it is being included in this report. One such

application might be a field site where the input Information was obtained

in a form that could not be read into the computer in a manner as given

here, that is, through one of the computer I/0 ports. As an example, the

data might have been read by an observer directly or from a device not

compatible with the computer. Thus the input data could be entered manually

through the keyboard, and the prediction results could be displayed or

printed out as before. The flow diagram is given in Figure 11-9 and the

listing in Program Listing 11-9.

Wave time-of-arrival at successive wave gauges for Duck CERC data.

This routine was written to aid the strip-chart reader in following wave

trains from one gauge to the next. This was particularly important .for

the situation where processing was done on data with the number 2 wave

gauge not working. This left an interval of almost 300 meters between

the seaward wave gauge, which was being used as the mode- input source,

and the next working gauge. This meant that there were many waves between

the two making identification of one wave at the next gauge as being the

specific one from the previous gauge a di-ficult task in many instances.
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For a- .large, singular wave, its signature was unique enough such that

fol'lowing jt from one gauge to the next was not difficult., Hoywever,

-for the waves that were not that unique, tracing its shoreward motion

[ from one gauge to -the next was moi'e difficult. It was determined that

if the strip-chart reader knew approximetely where in time to look for

a particular wave at the next closer wave gauge, the task would be easier.

'To this end, this routine was written.

The routine -has internal in a depth array the actual depth measurement

taken from the field site, and this array is stored on disk such that it

is a simple task to input other depths. An auxiliary program was written

for storing this data on disk. Using linear wave theory, the routine

computes the expected wave lengths- for each depth, which were taken at

intervals less than 10 meters separation. Then for each depth. the routine

-- -computes the wave speed. The process is repeated for wave periods from

three to ten seconds., Longer wave periods could be used, zut for those

periods, the propagation times were not enough different for this rArti-

cular application. It was Sufiicient -enough to be able to. locate the

wave within its period, not to a particular point on the wave form.

After all of the wave speeds were calculated, the routine next com-

pute4,usilig waivie speed and distance between stations, the time predicted

to travel from one wave-gauge location to the next. These results were

printed out along with other intermediate information in the program.

The flow diagram is given in Figure 11-10 and the listing in Program

Listing 11-10.

=

-- - - - --- *-- -Z- '.
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S0 Figure i4.Flow Chart of Generalized Roptine for Decoding and latchingQ ,, "re.¶~ 'Raw Data Stream -t D

Select Nernor for Display;' Ceat~ Display

Set Baud Rate, .1eset USART, & Flags; Set USAT"-, BIT Format, & Pait

Turn on. Tansmitter and Receiver

I dres Pait orrect

/ Read Data2
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Program Listing II-IA. Generalized Routine for Decoding and Latching
Raw Data Stream FORTRAN Version

V-:TYPE LATCH.FOR

PROGRAM LATCH
COMMENT PROGRAM READS IN SERIAL DATA STREAM THROUGH SIO POOT.
COM USART IS :SET FOR EVEN PARITY. AT BEGINNING USART ANDALL FLAGS
COM ARE RESET. BYTE IS READ AND PARITY FLAG (08) IS CHECKED.
COM WHEN PARITY ERROR IS FOUND, THAT IS LOW BYTE; THUS NEXT BYTE
COM IS HIGH BYTE CONTAINING ADDRESS A 4 MSB), ADDRESS IS CHECKED
COM UNTIL FIRST CHANNEL (0) IS LOCATED.
COM SERIAL PORT: EOHEX IS DATA; EIHEX IS STATUS; E4 IS BAUD RATE 'ORT

DIMENSION IDATA(7)
LOGICAL IDATAIHI,LO,NUM,K

•COM FOR CRT MAPPING, GRAPHICS START AT FSOOHEX
IREF=Z' F840'
DO 105 I=1,7

105 I'DATA( I )=O
COM CLEAR THE SCREEN NEXT (127=BLANK)

DO 106 I=1,1024
MM=Z' F7FF'+I

106 CALL POKE(MMy,127)
COM SET UP AND RESET THE USART (SIO) NEXT

IB=2' E4'
.IS=Z El'
ID=Z' EO'

COM SET BAUD RATE TO 1200 BAUD
100 CALL OUT( IDB y39 1 )

CALL OUT(IS,Z'AA'
COM RESET USART AND ALL FLAGSCALL OUT(ISZ'50'

COM SET USART TO 8 BITS DATA, EVEN PARITY, 1 STOP BIT, X16 CLOCC
CALL OUT(ISZ'7E' )
CALL OUT(ISO)

COM TURN ON USART TRANSMITTER AND RECEIVER
CALL OUT(IS,5')

COM CHECK SID STATUS; IF BYTE THERE Y CHECK PARITY PIT
110 ISTAT=INP( IS)

IPAR=ISTAT
ISTAT-( ISTAT . AND, 2)
IF(ISTAT ,EQ. 0)GO TO 110

COM CHECK BIT 4; IF HIGH (08)y PARITY ERROR = LOW BYTE, LOOK AGAIN
.,IPAR=(IPAR .AND, 8)

IF( IPAR .14E. 0 )GO TO 100
IHI=INP( ID)
IHI=( IHI .AND. 240)
IF(IHI *NE. 160 )GO TO 100

.CALL STATUS
LO=INP( ID)

COMMENT HIGH BYTE FOR FIRS. CHANNEL IS NEXT; DATA STREAMIS LATCHED.
COMMENT PROGRAM FOR USING DATA WOULD FOLLQW HERE ......
COMMENT MORE PROGRAM fIERE ...

"END

I"



Proxam, List1ing I-lB. LGenezalized Routine for Decoding And. latching. Raw
Dbata Strearne HPL1T Versiofi

11 rc'rQ~to 'tch:d't ' ,rc'm r.9:'rt 4,,Js-'art i s set fobr ever,
1 'potr itY At b'e- i nnlin rrlalr fi o.1as 'ie eset . B~yt e is re'ad, arnd r*a r i tv' f 1 '2<:

"2:j "s check ed. Whe pr...rityv e r ror is focurid K cw Lyt e )the next by'te is
3'h "i h b~'t e. Address- isý. checke-d Ut'it ii f ist c-hctrtrie 1 i s 1 c'coxt ed. "

4: Jsrp 'REAt'Y FOR DATA P US H'I cowT';stF2ý
5' Ac 11,1 I; wt bL 1, 64; wt'b I11,2--55; wt b 1 L!,20; wt: cII,ý0

r6 rdQ )Ardb(1+(h(,)As. AI~i Iu0J~rb 1)4PF; wtc 1J.,1;1 r-db'tl 1)14P; wt-cI 1, 0; L'band(F, :D)-*FI if FMS; jrtFp 0I
5: end
*27164



Figure 11-2. Flow Chart of Roitine for Checking individual Data

S,•Call Latching Routine

Set Error andn Counteo to Zero]

J Increment Counter

=Read High BYTE

Read Low BYTE

Strip Address Off High BYTE

Combine High and Low BYTES into WO1D

1Co0n v~rt DATA WORD into EngineeringUnt

sAddress the Same as Counte

BEEP; Increment Counter

--- -Display DATA ,ORD

s Address sd.me as Last Chan

Set Counter to Zero
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TrgmListing I2A. Routine frChecking iniiulData,. HPL Vrin

"P:rrog'~r'.am to c~hec~k da'tai f romr' du.c~k dig~i tal. taope~s":
":"displa~ys d'ata2 P-oints a~s voltag.es o:n CF.":?fxd

2!~ dsp 7READY FOR DATA -- PUSH COHIT";
91 Mt 1131 wtG 11: 6440b 11255 wtb 1 1,2WOts: 100U
4: rdb(I1)-iPh~tc. i11,frdb(11)&Ptc: 11, bond(PsM)F1if P#tSjr'p 0
5: rdbl'(11)-A rdb'A 1)4Bshf(A, 4)4A~dsp: AON&i A#t10;m .P,0
6: for &I1 t~o 512;for I=I to 11
7: rdL'(11)iA rdb(1l)4E:if I1k,.jip
8: shf (Ai 4)*C bcand(.A! 15)m, K256*A+:)*. 001221÷'; dsp Dl
9!~ if CQ+1UWeep;E+44E

1:next Bnex J
11 : end
*2:5 43:

ci: "p row r~i to chec~k data f Crom dig*~ital tapes of buoy":
1: "dis~pl1 ays data p oinfts as vol1tagies onj CRT":f xd
2: dsp "READY FOR DATA -- PUSH CONT"3stp

4: rdb( 11)+P wtc. 11, 1;Tdb( 11 )-P wtc: 11, 0;ba.'d(Ps8VPW if S1jm;p 0
5: rdb( 11 )4A; rdb( 11 )40;shf (i1~4)!R; dsp' A& ;;it A0l15 jm'w. 0
6: for- J=1 to SlEI for 1=1 to 16
7: rdb( 11>'A rdb0W1 )E:if U{58.jmp :3
.3: shC(A,4)4C~ban'i(A,I5)4A(<256*A+E;)*.0012214D~dsp D
9: if V+IRL-eep;E+10~

1:end ;tJ
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Program Listing 1II-213. Routine for Checking Individual Data -- Assembly
Language Version

ADDR CODE L ABEL OP CODE COMMENTS

C000 3E.OD CHECK: MVi A,'CR' ;get ASCII code for carriage return
0002 CD O0 C2' CALL STATOS ;is CRT ready for display byte?
C005 D3 00 OUT CRT ;send it to CRT
0007 3E 0A MVI A,'LF' ;get ASCII code for line feed
C009 CD 00 C2 CALL STATOS ;is ORT ready?
C0C D3 00 OUT" CRT ;send it to CRT
COQE OE 20 MVI C,20Hex ;set counter to do 32 bytes/line
C01O CD 00 CI LOOP: CALL STATIS ;is data byte in serial I/O port?
C013 DB EO IN, SIO ;yes, get it
C015 CD 00 02 CALL, STATOS ;is CRT ready for data byte display?
C018 D3 00 OUT CRT ;yes, display it
C01A OD DCR C ;decrement counter -- done 32 bytes?
COiB 02 10 CO JNZ WhOP ;no, keep going
COE 03 00 00 JmP CHECK ;yes, go to next display line and do

;another set till operator resets you

ENTRY STATIS
0100 DB El STATIS: IN El ;check serial I/O port status
0102 E6 02 ANI 02 ;is data byte there?
C.1o+ QA 00 Cl .JZ STATIS ;no, look again
0107 C9 RET ;yes, go back to sender

ENTRY STATOS
0200 DB 01 STATOS: IN 01 ;check CRT status
0202 E6 02 ANI 02 ;are you ready?
C204P 'CA 00 C2 JZ STATOS ;no, look again
0207 C9 RET ;yes, go back to caller

;comments -- CRT (display) data port is 00, CRT status port is 01,bit 01
;comments -- serial I/O port: data 3is EOhex and status is Elhex, bit 01

;program does a carriage/line feed at the beginning and sets up the display
-for displaying 32 bytes per line (each byte is two hexadecimal characters)
;at the end of -92 characters, a carriage return/line feed is done again
;and another set of 32 bytes is done
;program will continue until operator resets computer or no data is entered
;into the serial port (for the latter, program will continue to look for data
;but no more displaying will be done)

(



7Figure 11-3. Flow Chart of Datao•Checking andi Validating Program uing
!° U 'FFT Processing

Start

DimensionArrays

LI nitialize Variables

=/jj7Read Data From Disk File j

Form Array of Cosine Weights

Set Counter to Zero

Increment Counter

7Put Data into A and B Atrays j_
[Compute Statistics and 'Weight Arrays j

-Reorder Data Arrays

fCompute Fourier Coefficiens j

Form Cbnert to Peal Coefficients 1

Form Auto-Power Spectra from Fourier Coefficients

N o Is Counter Two >

Form Cross-Spectra from Two Sets of Fourier Coeff

Hanne Power- and Cross-Spectr

Compute Coherency and Phase between the Two
Channels from 00- and QUAD-Spectra

Print Coherency and Phase Arrays

E End*¶



11-22

SProgtamw Listi•h II-- Data Checking and Validating Program UsingCFFT Processi.ng -- FORTFAN Version

TY Pl£C FFTCF P. F0R
PFO.RAMI FFT'CF

C DO 2 CHANNELS OF FFT ANI:!r,,.• n'jc, COHO ,N'I- pHA,,
- DATA REDI' IN ri'ROM DISK ON LUN 6

D:I MEN -SI ON W,. 6_4 )YA( 65; :•65 ."FAA( , 2 .25 Bi' 2,P""25 ),BAT( ,12'=;.0

DIMCENSION COHO( 25 ),,PA,25)yCO(25 )yQD( 25 )POW( 2•, 25)
DIIMENSION, P'W 1W( 25 ),FW2( 25)

1-.0 FORMAT( IX)
20 FORM'AT( IX,5FI0.,:3.)
88 FORMAT( IX, 5E12..3,

DO 100 I=1,65
A( I )=01

100 Bl( I-)="*

NT=I

]EG-=180.0/3. 1415'
CNV= I, 0
C•AL .WE:-IGHT( W-, gNU)

-READI( 6 )D;AT
ENDF'"Ll LI. 6,
DO 2100 .=IP2
Dro 2110 I=1,64
A( I )=DAT( .J F )

210 B ( I )DAT ( J , I + 64)

CALL CP'l A, ' W,CNV)C CL .... I~ AB,)
CALL R!-ORUFR( A, 1 )CALL R' VFt" R AY

CALL RLTRA (AB)
DO 220 1-:1,25
AA(J,1)=A(Il)
BB( , j )=B( I )

220 POW( J, I )=A( I )*A( ).I"B( I )*B( I
200 CONTINUE

DO 400 I=1,25
PWI( I )=POW( I I)

400 FW2( I )=POW( 2, )
Do 300 I=I,25
CO(I )=AA( I, I)*AA( 2,1 i)BB( I , I J*"lrED 2y1)

300 01( I )=AA( 1, )*AA( 27 Y I , I )"AA' 2y 1
CALL HANNE(FPW11,NF 7 NT)
CALL HANN:' PW2 yNF yNT )
CALL HANNE( COwNFN)
CALL HAANNE( ','I , N"F,1 )
DO 310 I=1,25
COHO( I)~( CO( I)*CO( I)+.QD( I 4O[D~i f)/(,F':i"(,. I )*UW2( i))

F'HA( I )=ATAN2C ( ),4,,, I ), C:( "W ) )

310 PHA( I )=DEG*PHA( i )
PAUSE IF1:i NT

7 )

]I
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'Program Listing 11-3 (cant)

'WRJJE( 5,20 )COHOF ~WRITEC Sv10)
c WRITE(5.120)PHA

- END

A~>TYPE WEIGHT.FOR
Sun~outiNE WEIGHT( WvCN'V)

I CDIMENSION Wl%64)
u=0
DO 704 1=1,Y64
W( I')=1-COS( I*.-0490,8738.)

704 U=U+W( I )*W( I)
COV=CNV/'( 22.6274*SOQRT( -?*U)
DO 705 1=1,64

705 W( I )=W( I )*COV
c RETURN

ENE,

A>e-TYFE CALC.FOR
SUB~ROUTINE CA~LC( ADWYCN1V)

DIMENSION A(65)YEB(65)YW(64)

S1=0

S'=65-

DO RETURN ,6

;I,=, IZA( I )0RB(.FI
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rrogmmn Listing 11-3. (Cont)-.

DO204 X=2r7

204 MC(K)=N
0 J"6

KB=l
DO 2105 K=147 637 2
T=4(K+1 Y
M(K-i- )=B(K

,205 B( K )T
11=

201 KS=IC(.J )+KE
KU=KS
JJJ=B-J-
JJ=IC( JJJ)
KK=KE~+JJ

"-71202 K=KjK+JJ
2103 TahA( 1K)

A(KK)=A(KS)
-A( KS )=T

B(KS)=T

IFB(KK)L.K'-G Ta 203

KK=KK+jJJ

( IF(1KK.LT. KU) GO TO 202
IF (J LVT. 6) GO TO 206

LST( 1+1 )=Jc GO TO 201
206 IFU (IEQ. 0) GOTO207

J=LST( 1+1)
I=1-1

c KE(=KS
GO TO 201

207 RETURN
END

A'-T-YP E RVFOUR.FOR
SUBROUTINE RVF6UR( AB)
D I ME NSIO N A ( 6 5,B( 6 5 CC(7), SS)J C(7) 7)

C FIý=34 14159265
300 FORMAT( ' ' 'RVFOIJR')

WRITE{5, 300-)

JC( 1)
DOC 30 1 K = 2- ,

F301 (K =

RAD=P 1*2/64i,



Ligam1st-iig 11-3, (Cont),

CE = -1 KB I I

giS( ý-)=32JC
302~-g Tov 309 3116

30 SN=SIS 3-K)*A
ac SN="(;j~

3013 -KKK ' I=KB+1SP(N-l
DO ri0~6 K1lKB-,KKK

KS=KK+IbPiAN

A( •E=A( KK )-A( KS)

R-1~ KK}-1(, KS)

A(tS)=CN*R<E-SN*RlM

306 B( KS )=SNiM-+tN*R,1M
IF( JJ -GE,I'D1(4)) GO TO) 30'7

C' .X1=.jj+JC( J)
.J=4-1
ISFAN=I SPA14+ SPA~N
IF( J LT~. I) GO TO 309

Go TO 304
307 jj~jJ-JC(.J)
:308 coNTINUE
309 K=1
C ISPAN=32

( , KS4(KS+1
RE=A( KK )-A( KS,)
M( <KI >=p)( K)+A( KS)

( i~M KS )=RE

11( KK )=B~( KK )+D( KS)
310 B(1c4M"
( C RETURN

ENE,

AY8S

K'21__
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PZ~o#4~!ý Listihg 11-3 (Cont)

(2TYR~E RtA.
SUtBROUTiNE RLTRiAN(AYB)I DIMENSION A( 65 )E'(,65)

WRItE( 5,11 Il
PI=-3,.14159265~

R"-'-2*1/64 .5*RAD )**
-SD=SIN( RAE')

A( 65 )=A( 1I
C B( 65 )=B(I

DO 401 J=lY337l
K=6c-J

C. AA=A(J)+A(K)
AB=~A( J3)-A(K)
13A=B( .3 )i( K)

RE=CN*BA+SN*AB-
RI MSN*BA-CN*AB
B( K )RIM-BD8
B( J )=RIM+BEB
AC K )AA-RE

c A(J)=AA+RE
CD=R * CN + CE
CN =CD +CN

SI'=R*SN+SD
401SN =SD +SN

RETURN END
oA'>TYPE HANNE.FOR

SUBROUTINE HANNE( HA NF ,.NT
DIMENSION I-AN( 45 )sHA( 25)

o DO 815 1=1,,45
815 HAN( I)=0

IF (NF .EQ. 0) GO TO 803
o DO 800 1=1,25

K=I+NF
800 HAN( K )=HA( I)

DO 801 I=1,NF
K=I +NF
J=NF-I

C HANý(J+l )=HAN( K+1)
80,1 HAN( K+25 )=HAN( J+25)

J1=NF+NF
DO 902 K=17J1

(J2=-e25+( 2*4F )-K
DO 802 11:YJ2

802 HAN( I )=HAN I )+HAN I+1
GO TO 805



SProgram Listing II 3 (Cont)

C

803 DO 804 I=1v25
C 804 HAN( I )=HA( I )

805 F=NT*2**( 2*NF )
F=2/F

c DO 806 I=1,25
806 HA( I )=F*HAN( I )

RETURN
END

A>

.720 .631 .603 .801 .928
.971 .983 .982 .970 .956
.952 .950 .933 .897 .852
.835 .834 .763 .626 .438
.200 .156 .249 .339 .38.

-4.699 -3.772 4.734 12.271 13.901
13.604 12.614 10.830 7.415 1,505

!-5.315 -9.819 -11.551 -11.304. -9.023

-3o747 4.328 12.957 21.062 24.806
7.146 -40.209 -63.270 -70.690 -72,588

•Q

k7-

4'-

L K;



11 I-287

Figure 11-4. Flow Chartof Routine for Printing or Displaying Data in
Engineering Units

i• IDimention Array for Printing

i, Li Call Latching Robtbine; Set J to One

Set I to Zero

Increment I

Read High and Low BYTES

Strip Address off High BYTE

.ICombine-BYTES and Convert to Engineering Units

I Stre nto Arrmy i

• Yes
'I Address'Equal to I>

N1 o

/ Print DataIArray of 16 Sensors with Format.ed

Yes +Is Joe Data to be l eadt

0

End)

a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Program Listing II-4A,. Program for monitoring in real time data received from
Data Buoy System-- FORTRAN Version

ii • ~PROGRAMr BOPRTM
C PROGRAM NAME IS B10:R T, READS DATA FROM MEHOR' AN'D CHECKS
C; ADDRESS AND PU'S DATA INTO 1024-DATA ARRAY
C PRINT OUT RESULTS IN ENG UNITS BY SENSOR FUNCTION
" PROCEDURE IS TO EXEC BOASSM WHICH LOADS ASSEMDLY

C LANGUAGE PROG INTO MEMORY AT ECOOHEX FOR CALL BY ASSM
C 1024-DATA READ INTO MEMORY LOCATION DOQOHEX
C PROGRAM RECYCLES UNTIL TERMINATED AFTER PAUSES
COMMENT
COMMENT PROGRAM MODIFIED 11/13/79 VWP
COMMENT PROGRAM MODIFIED FOR METRIC SYSTEM 2/20/80 VWP

DIMENSION IADD( 16),CAL(16),DEAT( 16,O)
10 FORMAT(IX,'LDATA ADDRESSES I TO 16'
20 FORMAT(i-X)
25 FORMAT'( 7X, WATER LEVEL (WAVES) IN CENT'IMETERS (READ DOWN)-'
30 FORMAT( IX,8F7.2)
35 FORMAT(20X,'TIDE LEVEL IN METERS')
40 FORMAT( IX,8F7.3 )
45 FORMAT( 1OX,'ON-SHORE CURRENT (Y) IN CM/S ( READ DOWN)'
55 FORMAT( IOX, 'LONG-SHORE CURRENT (X) IN CM/S (READ DOWN)' )
65 FORMAT(20X,'WATER TEMPERATURE IN DEC C')
75 'FORMAT( 15X,'INTERNAL BUOY TEMPERATURE IN DEG C-')
85 FORMAT(15X,'CALIDTRATION SIGNAL IN VOLTS (REF=0.0) )
90 FORMAT(lX,1713)
COMMENT SET CALIBRATION/CONVERSION FACTORS NEXT
COMMENT CHANNELS 1,3,5,7,9,11,13,15 ARE WAVE DATA
COMMENT CHANNEL 6 IS TIDE DATA
COMMENT CHANNELS 4,12 ARE ON-SHORE CURRENT DATA
COMMENT CHANNELS 2,10 ARE LONG-SHORE CURRENT DATA
COMMENT CHANNELS 8,16 ARE WATER TEMP AND INTERNAL TEMP DATA
COMMENT CHANNEL 14 IS VOLTAGE CALIBRATION DATA

CM=30.48
DO 110 I=i1s5,2

110 CAL(I )=4.0*CM
CAL( 2 )=10. O*CM
CAL(6)=4.87*CM/100.0
CAL(4 )=10. O*CM
CAL(8 ):10. 0
CAL( 10 )=10.0:9CM
CAL( 12 )=10, 0CM
CAL( 16)=10.0
CAL( 14 )=I .0

COMMENT INITIALIZE ARRAYS NEXT
334 DO 5 J=1,8

DO 5 1=1,16
5 DAT( I,J )=0

DO 7 I=I,16
7 IADD( I )=0
COMMENT INPUT DATA THRU I/0 PORT INTO MEMORY STARTING AT DOOOHEX

CALL ASSM
MEM=Z'BOOO'

L a.



P :og:am Listing II-4A k (Cont)

j COMENT GET ALL INPUT A'IN HIGH/LOW BYTE: FORHATCONVEW- IT TO E.U,
DO 109 J=,8{" ~DO ,100 I=i,16

i ~LOC-MEH÷'( 1-1 )*21"( J-1 )*32

IHI=PEEK(LOC )
IHI=(IHI AND, 255)
LO=PEEK( LOC+I)
LO=(LO .AND. 255) •

•:" IADD( I)=IHI/16
i• ~IHI=( 15 .AND. fiHI)

DATA=( IHI*256+LO )*. 002442-5
DAT( I ,J )=DATA*CAL( I)

100 CONTINUE
COMMENT WRITE OUT DATA ADDRESSES FOR CHECKING. VALIDITY

WRITE( 5,90 )( IADD( I ),I=l, 16),J
109 CONTINUE

PAUSE
WRITE(,.5,20)

COMMENT-WRITE WAVE DATA NOW
WRITE( 5,25)
DO 140 I*i,15,2
WRITE( 5,30 )(.DAT( IJ ),J=l,8)

140 CONTINUE
PAUSE
WRITE( 5,20)

COMMENT WRITE TIDE DATA NEXT
WRITE( 5,35)
WRITE( 5,30 )( DAT( 6,J ),J=l, y)

COMMENT NOW WRITE CURRENT DATA (ON-SHORE, THEN LONG-SHORE)
WRITE(5,45)

WRITE( 5,30 )( DAT( 4, J-),J=l YS)
WRITE( 5,30 )( DAT( 12,J ),J=1 ,8 )
WRITE( 5,55)
WRITE( 5,30 )(DAT( 2,J ),J=1 8)
WRITE( 5,30 )(DAT( 10, J ),J=i,8)

COMMENT WRITE WATER TEMPERATURE HERE
WRITE( 5,65)
WRITE( 5,30 )( DAT( 8,J ),.J=1. :)

COMMENT NOW WRITE INTERNAL BUOY TEMPERATURE
WRITE( 5,5)
WRITE( 5,30 )(BAT( 16,J),J=l,8 )

COMMENT WRITE CALIBRATION VOLTAGE LAST
WRITE(5,85)
WRITE( 5,40 )(OAT( 14,J ),J=l,8)
PAUSE

COMMENT TO END PROGRAM PUSH LETTER Ty CARRIAGE RETURN.
COMMENT TO CONTINUE PROGRAM FOR ANOTHER PRINT OUT OF DATA,
COMMENT PUSH CARRIAGE RETURN ONLY--PROGRAM AUTO RECYCLES.

GO TO 334
ENID

a ..
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Program Listing Ii-4B. Routine for Printing or Displaying Data in Engineering
QIC't Units -- HPL Versi-on

!I

0: "PROGRAM READS DATA FROM BUOYCHEC[.S ADDRESS, PUTb. DrATA INtIO T$.-ARRA",":
1: "RESLILT,& ARE PRINTED OUT IN ENGINEERTI.NG ,.,,.ITS BY SENSOR FUHCTIOH":
2 d :im X •S 16 f t. 0; ft I Y.,zf1O.3;d iiv, T$E 14)
3: "START INPUTTING DATA;LOOK FOR LOW E:YTE(PARITY ERROR*N)":
4: "NEXT LOOK FOR HIGH EBYTE WITH ZERO ADDRESS (FIRST CHENNEL. :
5: "START": Q. 11,I;wt b I11., 64;,wt b I11., 2 5 6 w .IIýC
6: rd b( 11) P; wt.c 11 1, rd b 11 )IP; w tc. 11 , b'ard(P : 8 if PI8 TJp 0
7: rdb(11)+A; rdb(11) sf(A,4)÷Ashf(E:,4)÷B;,sp A,8;if At5~;J 1w,:, 0
8: "CONVERT HIGH/EBYTE-LOWE:YTE PAIR TO DATA WORD AND PUT ItI X-ARRAY":
9: for jI=I to 8;tor f =c to-, 1=dt,(11b)A+C-,*ba rid(A, 15)1 A rdb( 11>B
10: (256A+E:)*.002442-"5X[ J, I) ] fsl'd(C, .4, 1-if Cl-Ubeep
11: dsr, "J=", J."I=", I;next I-next J
12: "REST OF PROGRAM IWIRITES OUT TITLES Ai'ID DATA FROM SENSORS":

2:: , ., : , ""WATER LEVEL (WAVY'ES) IiN FEET (READ DOWN.I 's wrt 15.,trt, 15.:'
1,: f mt ,zýf10.['or 1=1 to 16 by 2-for J=I to :3wt 15.3:,XiJ,ý I*4
15: next. J.I rt, i5;next I
1: f ,t 4, 30x, "TIDE LEVEL IN FEET";wrt 15 wrt 15.4
17: fotr 1=1 to 8;w.,.rt 15.3..X[ I,6)]*4.8?7; next. I
18: wrt. 15;ft',t 5, 20x. "ON-SHORE CURRENT (Y) IN FT/SEC. wrt 15.,wrt 15.5
19 : for I=i to .w,8-rt 15.3, 10*X[ I,.4 3,10*X[ I, 123 1 nex,. I
20: wrtt 15;ft't 6, 20x8,"LONG-SHORE CURRENT M% IN FT..SEC",*wr 1 5 *rt. 15.6
'I: for I=I to 8wrt 15.3 , 10*XC 1, 2., 10*X[ I, 101next. I

22: wrt 15; tft 7 , 30x "WATER TEMPERATURE IN.- DEG C" wrt. 15kart 15.7
23'.: for I=1 to 8wurt 15.300*X[1h8)next I
24: tort 15.it 8,3•x, "INTERNAL BUOY TEMPERATURE IN DEG C"lwrt 15wrt 15.8
25: for I=I to 8;wrt 15.3, 10*X I I,* 1 next I
26: 1r , .f -t 9 20x:, "CAL IBRAT IONi SI GNAL I N1 VOLTS ýREF=O,..," r. 1.5,wrt. 15.1
27 : for I=i to 8;wrt 15.1,X[ I ,14);next Nwrt. 15
2'8: wrt 9, "R" red 9, T$; wrt 15, T$1 wrt. 15; wrt. 15
29: beepdsp "PUSH CONTINUE FOR MORE DATA ...... ;st.r-
.3',0: dsp . ",st., START"
'31: end

( II
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Figure 11-5. Flow Chart of Routines for Dynamically Displaying Wave Data

L"'Dimension String j

Input Channel to Display/

lCall latching Routinef}

7'Fead. High and Low BYTESJ

Strip Addies a off SIg I

-No
Ye ýA• Ss+ One Dat ual Input Channel

y
e

&Re ad RHi~glh andL5wRY
and Low YT!

Combne BTE and Convert into Engineering Unitsj
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Program Listing II-5A. Routine for Dynamically Displaying Wave Data
FORTRAN Version

T YE DISrLA'Y7 .-FOR
PROGRAM DIISPLAY7

COMMENT ROUTINE TO TAKE DATA FROM 7 WAVE GAUGES OUT OF 11 CHANNELS
CbPOM AND CONVERT THE RESULTS TO E.U. IN WAVE HEIGHT VALUES
COM THESE WAVE HEIGHTS -FROM EACH GAUGE ARE THEN DYNAMICALLY DISPLAYED
ClOM IN "REAL TIME" ACROSS 7 ROWS OF THE CRT
COM PROGRAM CONTINUES OPEN LOOP UNTIL DATA ENDS OR OPERATOR STOPS IT

' COM DATA STREAM IS LATCHED USING SAME ROUTINE AS PROGRAM "LATCH"
COM INITIALIZE VARIABLES NEXT
DIMENSION IDATA(7)

LOGICAL IDATAIHILONUM,1K
I'REF=Z' F840'
DO 105 I=i,7

105 IDATA( I )=O
(COM CLEAR CRT SCREEN (ADDRESS FSOOHEX TO FBFFHEX) BY WRITING 127 (DEL

110 106 1=1,1024
MM=Z' F7FF' +I

106 CALL POKE(MM,127)
C(ON tEGIN DATA STREAM L.ATCHING ROUTINE (SEE PREV PROGRAM COMMENTS)

< ~iEB=Z'IEA'i

SZ- E:- 0
• ID=Z' EO'

MEM=Z' 50001
100. CALL OUT(IB,. 7Z'39'

CA'LL OUT( ISZ'AA )
CALL OUT(ISZ'50' )
CALL OUT( ISZ'7E' )
CALL OUT(]SO0
CALL OUT(ISo5)

110 ISTAT=INF( IS)
IFPAR=1STAT
ISTAT=( ISTAT .AND. 2)

IF(ISTAT ,EQ. O)GO TO 110
IPAR=(IFPAR ,AND. 8)
IF(IPAR .NE, O)GO TO 100
IHi=INP( ID)
IHi=(IXI ,AND, 240)
IF(Ii .11E, 160)GO TO 100
CALL STATUS
LO:= iN"( IDl)

CO( DAT'A NOW LATCHED AT CHANNEL I (ADDRESS 0).
C(OM READY TO BEGIN DISPLAY ROUTINE. THE VALUE OF EACH WAVE DATA POINT
CON IS COMPUTED (IN E, U, ) WHICH TIS ADDED TO THE APPROPRIATE MEMORY

C •.'DDESS AND IS POKED THERE APPEARING ON THE CRT AT
CrI THAT LOCATION AS AN "s,". THE PREVIOUS DISPLAYED "*"IS FIRST ERASED
C;0'; AFTER THE FIRST 7 CHANNELS ARE READ AND PLOTTED, NEXT FOUR
CG;O ARE SKIPPED. PROGRAM THEN JUMPS BACK TO BEGINNING OF LATCHING ROUT)

210 DO 200 K=I,7
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I;I0 Program Listing •I-ýk (C~int)

CALL STATUS
IHI=INP(ID)
IHI=( IHI .AND. 15)*4
CALL STATUS
LO=INP(ID)
LO=(LO .AND. 192 )/64
NUM=IHI+LO

COM IROW IS ROW FOR PARTICULAR WAVE GAUGE TO BE DISPLAYED
COM IN MEMORY ADDRESS: F840, FSCO, F940, F9CO, FA40, FACO, FB40, FBCi
COM SPECIFIC LOCATION ON THE 7 ROWS DETERMINED NEXT

IROW=IREF+( K-i )4128
N=IROW+IDATA( K)

COM ERASE OLD VALUE "•" BEFORE STORING AND DISPLAYING NEW ONE
CALL POKE(N,i27)
I DATA( r )=NUM

N=IROW+IDATA(,K)
COM NOW POKE NEW LOCATION WITH AN "'" ON CRT FOR THAT GAUGE

CALL POKE( NZ' AA'
200 CONTINUE
COM ALL DONE FOR ONE SET OF 7 GAUGES. GO BACK AND GET NEXT SET.

GO TO 100
COM *'I-IIHS NEXT PART NOT USED HERE. COMMENT (C) COULD BE REMOVED
,Ori ALONc WITH THE ABOVE %O TO 100 AND THE ROUTINE WOULD READ

Czoi 0 HE NEXT FOUR CHANNELS AND THEN START OVER. THE ABOVE ROUTINE
(CO0,l EACH TIME LATCHES ON TO CHANNEL ONE .. A SAFER WAY
C. 'Om SINCE LATCH COULD BE LOST OTHERWISE.
C 110 250 K=l,4
C CALL STATUS
C IHI=INP(It')

C CALL STATUS
C250 LO=INP( ID)
C GO TO 210

END

~~ __ A~~~-4 CZ-c-



ProramlisingII-B.Routine tf.or Dynamically Displayinig Wave Data.;-HPL Version

0: "PROGRFOM-TO D1SPLFIY WAV~.E LEVEL 111TH FA+ C.0N TIHIJNO U SL Y"

1: -PROGRAM SET LIP TO DIISPLAY CHANNEL 1 OMLYs BUT REFADS FILL CHANNELS"

2: ent EgNTER CHANINEL NO. TO DI SPLAY"sN NI MNS

:3: ent "ENTER TOTAL NUMBER ~OF CHANNELS:.'
4: if N(OWi-101
5;. dim D$E303;fxd 3

7: rdb( 11 )4P wtc 11 1 rdbtl11)*Fiwto: 11, Eib'nd(KF8 >P it' P#8 irju' 0

8: rdb(Il)4A~rdb(11)iBE hf(A!4HiA~htfE.4)+B~dsp AEbif Rh1Nijmr 0

10: '(256A+B)* .0012214X~slh(C! 4)ýC it' C#S+i ;L-ee

11: dip Xfor I=:2 to Mirdb(1II4ArdbK1000-nelxt I.$rmr. -2

12: in (X*5i)+0+XV" ,D$( 1,32 "1 "4D$E 1 1 +D$Cle 11 1 )D$E2121 )+D$CE 31 31

14: dip r's;for 1=2 to 113rdbM1)4R rdb(11)+Aflext I

15: jimp -5

16: end
*215~2

.I.......
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ýFigure I1-6. Flow Chart for Digital Stripa-chart Displaying Program
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Program Listing 1i-6. DigitAl Strip-chart Dispiaying Program BASIC Version

10 ! PROGRAM NAME IS PLIOIR. READS DATA FROM DISK ilNITIALIZED BY HP-9825
20 PLOTS STRIP CHARTS OF 7 CHANIINELS:- OF DUCK DATA
30 -OPTION BASE I
40 DIM D$((2240)E 14J,Avg(7),S(7),C(7)
50 ENTER PARAMETERS
60 INPUT "DATA FILE NAME ?"',F$
70 MASS STORAGE IS ":FS"
80 INPUT ",FIRST AND LAST ELEMENT OF PLOT",IUI,I2
90 INPUT "SCALING FACTOR FOR RANGE",Scale
100 ASSIGN #4 TO F$
110 READ #1;D$(*)
126 C(I)=C,.2)=C-30=6.2
i30 C(4)=C(5)=C(6)=C(7)=5.6
140 MAT S=ZER
150 E 'LOOP FOR COMBINING BYTES, CONVERTING TO DIGITAL HUMB£ERS, • SUMMIiNG
160 FOR J=l TO 7
170 FOR I=1 TO 2240
1,S0 HiN=ILM(D$( I ) [2*J-1 I, 2J-I ]J)

190 Low=NU'(D$(I)[2*J,2*J])
200 D=256*BINAND(Hi, 15)+Low
210 S(J)=S(J)+D
220 NEXT 'I
230 NEXT J
240 1 COMPUTE AVERAGE FOR EACH OF SEVEN CHANIELS
250 FOR 1=1 TO 7
260 Avg( )=S(I).2240
270 NEXT I
280 11=11-I
290 I START OF PLOTTING ROUTINE
300 GRAPHICSf
310 PLOTTER IS 13,"GRAPHICS"
320 LOCATE 0,123,0,100
330 FRAME

(
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1 Program Listing II-6-(Cont)

340 SCALE I1I 12, , 14*Sc-aIe

350, FOR J=1l, TO 7.3 6 PENUP
370 PLOT I I, J*(2*Scal e)-Scal I
380 PLOT 12,J*(2*Scale)-Scale
390 NEXT J
400 AXES (I2-I1>/IO,Scaje,O.0
4 l0 FRAME
420 LOOP FOR RLOTTING OF SEVEN CHAIMELA
430 FOR Jýi. TO 7
440 PENUP
450 1IINNER LOOP TO COMBINE BYTES, SUBTRACT OFF A-VERAGE, COII-.ERT TO

1.460 ! ENGINEERING LiHITS AND PLOT EACH POIN1T
470 FOR I1'=1+I TO 12
480 'Hi=tlUM'(D$(I) [2*J-1,2*J-1])
490 Low=NI1i ( D$ I) 2', (I 2* J*]')
500 rD=256*;.. I NA1.1D (H i ,j5)+Lo'w-Avg (J)
510 PLOT I, D*.001221*C(1)+2*Scal e.J-S,:ale
520 I1EXT I
530 11EXT J
540 DUMIP GRAPHICS
550 PRINT PAGE
560 I-1,PUT "116 YOU WANT TO PLOT MORE DATA?"iA$
570 IF A$="NO" THEL 6r00
580 IPLUT "FIRST AND LAST ELEMENT OF PLOT?",I1,12
,590 GOTO 280
600 GCLEAR
610 PRINJER IS 0
620 FIXED 3
-630 PRINT Avg( l);Avg2>;'Avg(3);Avg(4 ;Avg<5);Avg6>; Avg<7)
640 PRINTER IS 16
"650 DISP "END OF PLIONR"
6,60 END

.I t
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Figure Ii-?. FlowtChart of Routine for Collecting and Storing Data from Buoy
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Program Listing II-7A. Routine for Collecting and Storing Data -- FORTRAN Version

-A',A>TYPE STORED. FOR

PROGRAM STORED
COMMENT PROGRAM TO READ DATA FROM SERIAL I/0 PORT AND PUT IN ARRAY
COM TO BE STORED ON DISK (,LUN(9))

DIMENSION IDATA(4096)
COM LATCHING ROUTINE FOLLOWS NEXTIB=~Z' E4'

I IS=Z' El'

I D=Z' EO'
100 CALL OUT(IBYZZ39'

CALL OUT(IS,Z'AA')
CALL OUT(ISZ'50' )
CALL 'OUT( ISZ',7E' )
CALL OUT(ISO)
CALL OUT(IS,5)

110 ISTAT=INF( IS)
IfAR=ISTAT
ISTAT=(',ISTAT .AND. 2)
IF(ISTAT ,EO, O)GO TO 11'0
IPAR=(IPAR ,AND. 8)

IF(IPAR ,NE, O)GO TO 100
IHI=INP( ID)
IHI=( IHI .AND. 240)

IF(IHI .NE. 160 )O TO 100
CALL STATUS
LO=INP( Ill)

COM DATA STREAM IS LATCHED; START READING DATA AT ADIDRESS 0
COM READ. 4096 DATA WORDS AND STORE ON D1 SK (-LIJN( 9))

DO 200 tK=124096
CALL STATUS
IHI=INP(ID)

COM STRIP* OFF ADDRESS AND THROW AWAY
IHI=(IHI ,AND. 15)
CALL STATUS
LO=INP( It')
LO=,( LO .AND, 255)

COM PUT DATA WORD INTO ARRAY
IDATA(K )=IHI*256+LO

200 CONTINUE
COM STORE IT ON DISK NOW; THEN YOU'RE DONE!

WRITE(9 )IDATA
END
SUBROUTINE STATUS

COM- SUBROUTINE TO CHECK STATUS OF SERIAL PORT
COM ROUTINE KEEPS CHECKING UNTIL BYTE IS T"ERE. THEN crS

IS=Z' El'
10 ISTAT=INP( IS)

ISTAT=% ISTAT .AND. 2)
IF(ISTAT ,EQ. O)GO TO 10
RETURN

( 'EN

IEN



Proaim Listing II-7B. Routine forCollecting and Storing Data from Duck
BASIC Version

10- PROGRRAM 1481E IS DUCDRT
20 ! PROGRAM INPUTS DATA. FROM ITS DIGITAL TAPES, LOCATES HIGH BYTE (VIA
30 PARITY BIT), LOCATES FIRST CHANNEL (0), THEN READS THE. 7 WAVE GAUGES
40 1 I1TO A STRING RRRAY D$(7200)[14) HIGH BYTE-,LOW BYTE 0 THROUGH 6
50 I THEII STORES THE ,8RRAY OIl, DISK. ERROR ROUTINE KEEPS DATA LOCK.
60 DIM IV$(7200)[141
70 I11PUT "DISK FILE NAME?"
so GOSUB Reset
90 GOTO Loop
100 Reset: WAIT WRITE 11-,5;l1
110 !WR'ITE BIN 4-1;64
120 WRITE BIN 11;255
130 WRITE BBI11 11;20
140 WAIT WRITE 11,5;0

150 P=READBIN(11)
160 WAIT WRITE 11,5;1
170 P=READBItI(11)
180 WAIT WRITE ii,5;0,,.•190• P=pINRAND(P,8•)

200 IF P08 THEN GOTO Reset
210 Add: R=READBIN(II)
220 B=READBID( 11)
230 R=SHIFT(R,4)
240 DISP A,B
250 IF A>010 THENI GOTO Add
"260 Er,-or=0
270 RETURN
280 Loop: FOR J=l TO 7200
290 FOR i=1 TO 11
300 A=READDIII<11)
310 B=RERDBII N(I 1
320 IF 1>7 THEN 400
,33,. Dr$(J) [2* I-i I, 2.I- J =CHR$(A)

340 Ds(J)[2*I,2*I3=CHR$(B)
350 A=SH:IFT(R, 4>

360 IF 8+1=1 THEN 400
370 Errot=Error+ I
380 BEEP
390 GOTO 430
400 1IEXT I
420 IF Erro',=O THEN 445
430 GOSUB Reset
440 J=J-1
445 DT(7200)[1,55=VAL$(J)
450 DISP J
460 INEXT J
470 MASS STORAGE IS ":FS"
480 CREATE F$,404
490, ASSIGN #2 TO FT
500 PRINT #2;D$(*)
510 DISP "END OF DATA STORAGE"

( 520 END
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Program. Listing 11-70. Routine for Collecting and Storing Data from Buoy
Assembly Language Version

ADDR CODE LABEL OP CODE COMMENTS

ECOO CD EF E3 START: CALL SET UP ;call monitor routine for init SIO
EC03 36 DB 36 .;SIO set at 300 baud
EC04 AA DB AA ;flush SIO
EC05 50 DB 50 ;reset USART and all flags
EC06 7E DB 7E ;format USART to 8 data bits, even

;parity, and I stopbit
EC07 00 DB 00 ;end of listEC08 3E 05 MVI A,05 ;code for transmit/receive for SIO
ECOA D3 El OUT SI0 ;turn on SIO port (USAFT)
EC0O DB El STATUS: IN El ;read SIO status
ECOE 4F MOV C,A ;save it in register C
ECOF E6 02 ANI 02 ;is data byte there?
EC11 CA OC EC JZ STATUS ;if not go back & read it again
EC14 79 MOV A,C ;put status word into reg A
EC15 E6 08 ANI 08 ;does it have even parity?
ECi7 C2 00 EC JNZ STARH ;if not reset USART flags and look

;at next byte
EClA DB EO IN SIO ;it's a high byte -- read it
ECIC 4F NOV C,A ;put it in register C also
ECID E6 FO ANI OFOh ;look at the address bits (4 msb)
ECIF FE 00 CPI 00 ;is it address 00? (first channel)
EC21 C2 00 EC JNZ START ;no got another high byte as above
EC24 79 MOV A,C ;yes it is we're latched and ready
EC25 01 00 80 LXI B,800011 ;do 8x4096 data bytes (32768 total)
EC28 21 00 40 LXI H,40001 ;stdrting memory address for the data
EC2B 77 MOV M,A ;put byte in memory
EC2C DB El STATO: IN El ;read SIO status
EC2E E6 02 ANI 02 ;is next byte there?
EC30 CA 20 EC JZ STATO ;if not look again
EC33 DB E0 IN SIO ;(gt next byte
EC35 23 INX H ;Increment memory address
EC36 77 NDV M,A ;put byte in memory
EC37 00 INR C ;increment counter
EC38 02 2C EC JNZ STATO ;all done?
EC3B 04 INR B ;infrement outer counter
EC3C C2 2C EC JNZ STATO ;all done?
EC3F CD) XX XX CALL TAPE ;yes, store it on tape
EC42 C3 00 -EO JMP EONITOR ;we're through! you can go to monitor

,comient -- program that sets up serial I/O port to 300 baud, checks data
;comment -- input for even parity (high byte), then locates 00 address
;comment -- next reads in data into memory starting at 4000hex and does
;comment -- 32768 bytes of data (address is still contained in high byte)
;coment -- after all data are in memory, data are stored on tape (or disk)
;comment -- control then returns to the monitor routine (or anywhere else)

-{---- - -
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Protram Listing II11-7, R~outine for Collecting and. Storing Data from Duck

( HAL Version

C0: "Prog ram to c sto~re on di sk bina.ry. d'at a t hat has been read' into c a. s r in3

2;' dim D$E 2240,~ 14 31 NE 10)3
4: ent. "What is f'il e nam~~e"&, $
5:for IM to 2240;"*"4Dr$E 1,1 14 ext

6: dsp "READY FOR DATA -- PUSH CciHT";stp
7': dsr. "DOM~fE - HERE CO:MES THE DATA. ... '
8: qsb "reset''
S9: T o 1=1 to 22410,'for 1=I to 11
10: rdb(I11)0A; rcib( 1 )-E~it I>7 Jo 2
11: c*1i'2(A)iD$;E Jt2*l-l2*1-i c~hoarKE:)-D$E t2Ii t12*1
12.,: sht KAb 4)4C3, -knd(Fio 15)-ýA
1IT: if' C>1 *ULeepiE+1KE~jp 2
14: wrt . 1)Cý -1,J~next I~jmp 2

16: next J~beep~woit ~5Ci0Leep
1?: open F$&1EI'Gs'n F' 2:00Xprt 240~,"end".dsp "DAiTA DOtlE"end
18:: open F0,160aossn F$,200004p.rt 2., 0 end-'1dsp "DATA DOME-'" F$ end
19: "reset":wo~,1. flswtb 11,64;wt~b 11055NOL 1100iwtc. 1100
20: rdb( 11 )PFwtc. 11 1 rdb(I1 )P wtc. 11, 0ibard(PQ )+P if P118im Th'C
21: rdb(11)4AFrdL'(11)+Eishf(Fi,4>jR;0i*jt' A#0W;ir. C
22 ret,

*2597



Program Listing II-.7'P. Program to Input, Format, and Store Buoy Data

0.: "PROGTAM TO STORE ON TAPE BINARY DATA THAT HAS BEEN READ INTO A STRING
i: f!mt. f2,0,x,f•2.0,2x,f4.0,f8.Of8.Of5.0;ent "what is run #?",T
20 dim D$C387,32-];di, T$114]
3: "INITIALIZATION OF VARIABLES AND ARRAYS":
4: ent. ".How many files?"nRent "What is f irst file #",F
"5: O÷E;for 1=1 t'o 387;"*"QD$[ I ,32];next I
6: dsp "Ready for data. -- Push CONT";'str.,
7: dsr. "Done here 6omes t.he data "
8:- for K= 1,t, R
9: "FINDINC LOWE BYTE AND FIRST CHANNEL":
10: .wt.c 11,1f;wtb !,i64;wtb 11,255;Wtb 11,20;wtc I1011: rdb(l10iw~t~c llvl;rdb(ll)÷P;ultc lb0;bahd(P,8)eP;if P#8;jmr. 0

12: rdb(ll)+A;rdb(11)÷Bishf(A,4)iA;dsr AE;if A#15;Jmp.. 0
13: "LOOP FOR PUTTING DATA INTO FILES, STRINGS SIZED 387 BY 32":14: f or L=1 to 3; for J=1 to 128; for I=1 to 16
15; rdb(11)+Aichar(A)iD$[,.+(L•-1)*129,2*I-1,2*I-1]

16: rdb(11)4B;char(B)*D$[J+(L-1)*129,2*I,2*I );sh'(A,4)+Cib'.nd(A, 15)÷A
17: "CHECKING ADDRESS IN HIGH BYTE AGAINST PROGRAM COUNTER":
18: if C+1#I;beep;E+1QE
19: wrt .1t,.C,I-1, (256*A+B)*2.442-5000Z1E,tJ,)Lnext Ilnext. J
20: "PUTTING TIMERUN #,PART #bFILE # INTO EACH 129TH ROW OF STRING":
21: wrt 9,"R";red 9,T$;T$4D$[129L,bb14J
22: c.ha•r(lT)+D[ D129*L,21,.2i;c.h,.ar(K>)D$-129*L,22,22-
23: cha r (F) i D$[ 129*L, 23, 23
24: next L;dsp T$;rcf F, D$F+I+Fnext K
25: dsp "End of program.' ta k'ing data "end

*,631

Program Listing 11-8. Program to Crunch Stored Buoy Data to Samller Sets.

0: "PROGRAM TO CRUI;CH BINARY STRING ARRAY TO STRING ARRAY 1/3RD THE SIZE"
1: frt 1,f4.0,f4.0,f4.o;dim D$[387,32];dim E$[129,32)
2: -ent "HOW IIANY FILES OF ORIGINAL DATA?",N
3: ent "NUMBER OF FIRST FILE TO BE READ?",R
4: ent "NUMBER OF FIRST FILE TO BE WRITTEN UPON?",F
5: "LOOP TO READ DATA FROMATRQCK 0 AND STORE SMALLER FILES ON TRACK 1":
6: for K=R to R+N-1;t.r r ldf K,D$;for L=1 to 3;'or J=1 tco 129
7: D$[(L-1)*129+J,1,32]-,E$[Ji1,32];wrt..1,KLJE$[J,1, 14 ];next. J
8: trk 1;rcf F E$; F+14F; next L; next. K;end
*24126
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Figure I1-8. Flow Chart for Routine to Crunch Data Files
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Figure II-9. Flow Chart of Program for Modified Processing for the
Detailed Model
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Program Listing 11-9. Program fo oiidPoesngftDtie oe

TYEKEYDAT.FOR FRRNVrin
PROGRAM KEYDAT

COMMENT PROGRAM TO ENTER WAVE HEIGHT, PERIOD, flIRECTIONs. DEPTH, SLOPE
COMMENT FROM THE KEYBOARD AND COMPUTEBREAKER HEIGHT AND DEPTH

'COMMENT USING AN ITERATION PROCESS.
C7 FORMAT(IXp'ENTER WAVE DIRN (E.G. 899.0)j')
8 FORMAT(IXY'ENTER DEPTH (E. G. 25,6)')
9 FORMAT(1X*'-ENTER SLOPE (Et G. .05)')
10 FORMAT(1IXY'WAVE HEIGHT'*y4XP'WA4VE F'ERIOD'?4Xy'BkEAKER HT't

1 4Xr'BREAKER DEP'TH')
11. FORMAT (1Xr'ENTER WAVE HEIGHT'")
0 2 FORMAT (IXY'ENTER WAVE PERIOD')4
13 FORMAT( 1XF104,2,SXYF10.2y5XPF10.2,5XF10.2)
99 FORMAT(1Xy4F15#5)

CCOMMENT ENTER PARAMETERS FROM KEYBOARD NEXT'
so WRITE (5yl1)

CALL ENTER (WAVEHT)
W WRITE (5y12)
CALL ENTER (WAVPER)
=WA VP ER

WRITE(518)
CALL ENTER( DEPTH)
WRITE( 5y5)

( ~CALL ENTER( SLOPE)
WRITE( 5y7)
CALL ENTER( THETA )

( WRITE(5,99 )WAVEHTPPDEPTHSLOPE
COMMENT INITIALIZE VARIABLES NEXT

P1=3.14159
THETA=ABS( THETA-90.*0)
THETA=THETA*PI/130 .0
H=WAVEHT

(COMMENT START ITERATION ROUTIN4E FOR DETAILED PREDICTION MODEL
A=1. 36*( I-EXP( -19*SLOPEI))

B156/( i+EXr-( -19. 5*SLOPE))
H1=( .99**2*(( .90*DEPTH)**.25 )'*H)**.8

18 D=H1/( B-A*(H1/( PF'))
CALL WAVLTH( P, WL1,DEPTH)
C=WL/P
CP.=SQRT( 32.2*K( HI +D)
WL B =CBI*F
SINTHB=( CB/C )*SIN( THETA )
COSTH[D=SQR'.T I~ -S INTHIPE**2 )
CF=.98
CTHETA=SQfRT( ABS( ( COS( THETA ) )/COS~THB))
ARGC1=2* P1'DE F' TH /W L
AR G2 2 * F'IX*EI/ 1LB
TANH1=( 1-EXP( -2*ARGI I E/ 1+X P 2 A R C.1 )
TANH2=( I -EXF'( -2*ARG2 )/(1+FEXP( -21A.R."2))
SINHI=( EXF'( 2*ARG1 )-EXF'( -2*~ARGI /
SINH2=( EXF'( 2*ARG2 )-EXP( -2*ARG2) /
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Program Listing II-9 (Cont)

CS=SCdRT( T-ANH1/TANH2*( ( +2*ARG'/SINH1 / 1+2*ARG2./SINH2))
H2=HCF*CTHEtA*CS

U VAR=ABS(-H2-Hl1)
COMMENT CHECK FOR ITERATION DIFFERENCES LESS THAN .01 ABSOLUTE

IF .(VAR -. LT. 0.01 )GO TO 19
Hi =H2

GO TO 18
19 BREKER=H2
COMMENT ALL DONE! WRITE THE RESULTS NOW AND DO SOME MOREIF DESIRED.

WRITE (5,10)
WRITE (5i13 )WAVEHT.,'WAVPERBREKERII
PAUSE MORE?
GOTO 80
,END
SUBROUTINE WAVLTH(PWLDEPTH)

COMMENT ROUTINE TO COMPUTE WAVE LENGTHS USING LINEAR WAVE THEORY
COMMENT ROUTINE ITERATES LENGTHS UNTIL RESULTS ARE WITHIN 0,01%.

X1=32.2*P*P/(6.28319)
WLI=Xl

15 X=6.2831k9*,DEPTH/WLi
X2=EXP( 2*X)
WL2=XlI*( X2-1 )/( X2+1")

WL3=ABS( WL2-WLI )/WLI
IF (WL3 ,LT, .0001) GO TO 16
WL1=( WL2+WLI )/2
GO TO 15

16 WL=WL2
RETURN
END

A>KEYDAT

ENTER WAVE HEIGHT
ENTER WAVE PERIOD
ENTER DEPTH (E. G. 25.6)
"ENTER SLOPE (E. G. .05)
ENTER WAVE DIRN (E.G. 89.0)

5.250 6,470 19.500 .055 98.900
WAVE HEIGHT WAVE PERIOD BREAKER HT BREAKER DEPTH

5.25 6.47 7.07 6.98 PAUSE MORE?

ENTER WAVE HEIGHT
ENTER WAVE PERIOD
ENTER DEPTH (E. G. 25.6)
ENTER SLOPE (E. G. .05)
ENTER WAVE DIRN (E.G. 89.0)

7.500 0,000 25.400 .062 100.350
* WAVE HEIGHT WAVE PERIOD BREAKER HT BREAKER DEPTH

7.50 8.00 10.18 9.67 PAUSE MORE? T 1
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Figure 11-10. Flow Chart of Program for Wave Time-of arrival at Successive
Wave Gauges for Duck CERO Data

r Dimension A, s

Read Array of 32 Depths from Disk_

Set Period to ThreeJ

Set I to Zero

Increment I

Call Wavelength Subroutine with Depth(I)
and Period as Passed Parameters

-Etore Wavelength in Array

IWave Speed is Wavelength(I)/Periodj

Trael imebetween Each Depth is 40/Wavc Speed

Store Time in Array

0 Is Last Depth Done>

Increment Period I

SNo I Perlod Greater Than Ten

e

Write Wavelength and Time Arrays./

Compute Times for Waves to Travel Between Sensors
By Summing Separate Times for the Seven Locations

/ Write Sensor Times Out for All Wave Periods 7
C:n~dD
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Program Listing II10. Program. for Wave Time-of-Arrival at Successive(I Wave Gauges for Duck CERC Data -- FORTRAN Version

TYPE TIME.FOR TIM
PROGRAM TIME!

COMMENT PROGRAM INPUTS FROM DISK (LUN(6)) STORED DATA FOR DEPTHS
COM THEN COMPUTES SHALLOW-WATER WAVE LENGTH FOR PERIODS3-10 SEC
COM THEN COMPUTES TIME OF TRAVEL BEzTWEEN DEPTH LOCATIONSUSING
COM VELOCITY (FROM WAVELENGTH AND PERIOD) AND DISTANCE
COM BETWEEN DEPTH LOCATIONS, FINALLY TIME OF TRAVEL BETWEEN
COM WAVE-GAUGE LOCATIONS IS COMPUTED AND PRINTED OUT.

DIMENSION TIME(1O,32),IDEP(32),WAVLEN(10,32),SUM(C106)
DIMENSION DEP. 32)

200 FORMAT( iX8F9.2)
205 FORMAT(IX) -

DO 300 I=1,6
DO 300 ,J=l,10

300 SUM(J,FI)=0.0
COM INPUT DEPTHS FROM' DISK NEXT

READ( 6 )IDEP
ENDFILE 6
PAUSE READ

COM COMPUTE WAVE LENGTHS NEXT USING LINEAR THEORY 'AND ITERATING
DO 75 I=1,32

75 DEP( I )=DEP( I )/10 0)-25. 4
PAUSE DEPTH
WRITE( 5,200 )1EP
DO 80 1=1,3,2
DO 80 J=3,10X=( 32.2*J*J )/6.2832

WLI"-XI
230 X=6.2832*DEP( I )/WLI

X2•EXP(2*X)
WL2=X1*( X2-1 )/( X2+1 )

.WL3=ABS( WL2-WL1 )/WL1
IF('WL3 .LT. .0001)GO TO 210

220 WL1=( WL2+WLI )/2
GO TO 230

210 WAVLEN( J, I )=WL2
80 CONTINUE

PAUSE WAVLEN
WRITE( 5,205)
DO 85 I=1,32

85. WRITE( 5,200 )( WAVLEN( J, I ),J=3, 10)
DO 70 I=1,32
DO 70 J=3,10

(
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Program Listing !I-10 (Cont)

COM COMPUTE WAVE VELOCITY AND TIME OF TRAVEL NEXT.
VEL=WAVLEN( J, I )/J

70 TIME( J,-I)=40. O/VEL
PAUSE TIME
WRITE(5,205)
DO, 90 I-1,32

90 WRITE(5,200)(TIME(J,I),J=3,10)
DO 60 J=3,10
DO 10 1=1,2

1:0 SUM( Jr I.-)`'TIME( J , I )+SUM( J,, I )
DO, 20 1=3,4

20 -SUM( J, )=TIME( J,,l )+SUM(J,2)

DO 30 1=5,7
30 SUM(J,3)=TIME(J,I)+SUM(J,3)

DO 40 I=8,11
40 SUM(J,4):TIME(J,I)+SUM(J,4)

DO 50 1=12,21
-50 SUM( J,5)=TIME(J,I )+SUM( J,5)

DOb 60 I=22Y32
SUM(J,6 )=TIME( J,l )+SUM( J,6)

60 'CONTINUE
PAUSE SUM
WRITE(5,205)
Do 100 I=I,6

100 WRITE( 5,200)( SUM(JI),J=3,10)
END

A:>

A>

6.45 5.97 5.73 5.67 5.61 5.58 5.55 5.55
5.55 4.32 4.52 4.38 4..29 4.24 4.20 4.1d79 6.51 5.93 5.65 5.49 5.3? 5.32 5.21

10.55 8.58 7.78 7.39 7.17 7.04 6.95 6.86
26.25 21.06 18.90 17.86 17.28 16.92 16.68 16.5Ji28.67 22.17 19.23 17.80 17.02 16.54 16.23 16 .0j



SECTION III-

DATA PROCESSING USING THE SIMPLIFIED YODEL

In this study two prediction models were provided by Louisiana State

University. Both of the models use as input information parameters that

are measured at the buoy and, from this information, predict characteristics

regarding the surf region. The statistics of breaker heights, depths, and

longshore currents are predicted based upon linear wave theory and mono-

chromatic waves. Wave processes of refraction, frictional attenuation,

shoaling and breaking are treated mathematically in developing these

prediction models.

The simplified model does not account for waves approaching the beach

at different angles nor does it treat currents associated with individual

waves separately. One of the more restrictive limitations of the model is

that wave periods are not part of the model. This fact is discussed in

lattec parts of this section and in the last section of this report.

For the prediction of the breaker heights, the simplified model takes

the measured wave height as determined from the pressure transducer output

and the measured tide level and computes a breaker height based upon:

H 8( + h1
b C', Iý\p i} _pg/

where H~b is the breaker height, P is the mean water pressure, p is the

density of sea water, g is the acceleration of gravity, hi is the height

of the pressuresensor above the bottom. This computation is made for

each individually measured wave at the data buoy.

The prediction model also includes a prediction of the maximum long-

shore current from the measured average longshore current at the buoy and

the predicted breaker depth obtained from the mean breaker height as

given by:

" m h b
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where V is the maximum longshore current, V0 is the mean longshore current

measured at the buoy, h0 is the mean water depth at the buoy, and hb is the

mean breaker water depth.

The basic procedure for calculating the required parameters and the

prediction results is given as follows. After dimensioning arrays and

initialization, the buoy data are read into the computer. At this point

the data are still in high byte/low byte format, from which they are next

converted back to data words and put into a data array. Once again, all

data-word addresses are checked for validity. If errors are detected,

the operator has the option of manually terminating the run. In addition

to the data, file identificatiom including run number, time and date, are

stripped off the data file.

Once the data is converted to data-word arrays, the data processing

is started. First, the individual wave heights are computed using a

zero-crossing process in which the maximum (or minimum) height is determined

between zero crossings. The half wave period is also determined by the

number of data points between crossing times the wave sampling frequency.

Full wave heights, i. e., peak-to-trough heights, and full wave periods

are constructed with the results stored in two arrays -- one for wave

heights and one for wave periods. It should be noted at this point that

wave period is not necessary for any of the calculations in this model.

It was added to the processing so that comparision of the results could

be made with extrapolated heights at the surface. In this manner breaker

heights yredicted could be compared with surface heights at the buoy in

addition to bottom-measured heights.

The final part of the program takes the data from the above arrays

and performs the breaker prediction routine as given by the above equation.

The surface wave heights are calculated using a curve-fitting process

based upon results from linear wave theory. The average and RK9 wave

height for each of the three sets of wave heights are also calculated.

The maximum longshore current is then calculated from these results

and the measured offshore current velocities. The data are printed out

along with the appropriate headings a~d identification.
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The program can either be run for one set of data only or can be run

multi-file, i. e., any number of sets can be run by auto-recycling of the

program (an input variable). A requirement for recycling is that the data

be located on sequentially increasing files since the program increments

the file number after each run. Also, for the HP-9825 program, the data

must be located on track one of the cassette tape. The data crunching

program (given In the ;r=vious section) automatically takes the stored

data in the large arrays on track zero of the data tape and crunches the

large file to three smaller files on track one. If track zero is used,

this information must be conveyed in the program.

The program listings for the two programs for the HFP-9825 and the

OOMAL-80 are given in Program Listings II-1 and 111-2, respectively.

The programs are quite similar functionally and structurally with basic

differences being similar to those already pointed out in the previous

section.

Figure III-1 is a sample printout of two data runs using the HP-9825

program and processor. The data is from a time period a little earlier

than that given in the sample printout in Section II (Figure II-i).

FigureIII-2 gives the flow diagram for the simplified model program.

This diagram is a functional diagram, and, therefore, applies to both

prc!esslng systems program (IP-9825 and COMPAL-80).

Sp
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U Program Listing III-i. Simplified-model Prediction Program for Computing
6 Breaker Statistics -- HP-9825 Version

"0: "PROGRAM TO COMPUTE WAVE HEIGHTS & PERIODS FROM DATA OF SEA BUOY":

I: trk l;fmt llf ,t ,x f2.0xtf8.5,f3.0,'f4.,f3.0
2: "INITIALIZATION OF ARRAYS AND VARIABLES; DATA FILE READ IN":
3: dim D$[129,32]ient "How manyc ffles?", Rentr "Wha.t is first file #"XF
4: dim H[356];dim P[356,;dimi G$E3Oldim WE1024];for KI( to RI÷L+EIldt" F.,~l1
5: "WAVES ON EVERY OTHER CHANNEL, STORED IN HI & LO BYTES OF STRING":
6: "HAVE DATA CONVERTED TO VOLTS AND STORED IN ARRAY":
7! for J.=I to 128ifor I=1 to 29 by 4;num(D$[Jv.Is])+A
8: num(D$[JI+,l+l134.18÷;shf<A,4>eg;ban'd(A,15)4A
9: if" C#(I-I)/2;beep;E+I+E
16: L+I+L;. 002442*(256*A+S)-54W[ L
114. w't .ICv(I-I)"/2vW-EN L],EQ .IK;ne-xt'• 1;next. J,'F+I+F

12: "AVERAGE OF WAVE DATA CALCULATED PND SUBTRACTER FROM EACH DATUM":
13: "HALF WAVE CALCULATED BY TAKING LARGEST ABSOLUTE VOLTAGE BETWEEN ZERO":
14: "CROSSINGS; PERIOD EOUAL TO THE # OF POINTS BETWEEN TIMES DELTATIME":
15: 0..Sfor I=1 t~o 1024; S+E[I]÷S3next T

16: S/lO244Afor 1=i to 1024;W[I]-A.WEI]next I;-99990X09990.M
17: 00N if' WEQN[1>69to "ne9 init'"

I 1S: "Pos init": for L=1 to 1024; if WE L 1>0 ; to "pos wav"
19: next L
20: "neq init ":for L=I to 1024;if WE L]<0! 9to "neq wa&"
21: next L
22: "Pos wa" :for I=L t(o 1024;if WE I<0;XiH to "array''
23: if E I, I]>XW[ I ]4X
24: H-+1Hinext I;to "P int."
25: "nes wav" :for IQL to 1024;if WE[1>0;HM+H vto "at'rra''"

26: if W[I]<M;W[I]4M
27: N+1NH;next I;to, "r.rint"
28: "ar ry"c.J+ 140 N*. 21*333P[ J ]; abs(H) *HE J ;N I0 L
29: -99994X;9999'M;if WE[I]<04t.o "ne. wav"
30: 9to "Pos wav"
31: "BEGINNING OF PRINT ROUTINES":
32: "print":"if Jmod2#0i'J-14J
33: for I=i to J-1 by 2: HEI]+HEI+1]4H[I];PEI]+P[I +1 +P[I];next I
*23985
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Program Listing III-i. (Cont)

34: f mt 2-s3x , "TEST DATE ".,c8., " TEST TIME "ic~s" RUN4'f*

36-: fmt. 4ý20x, "PREDICTED SURFACE W4AVE HEIGHT IN FEET"
37: fm't. 5s 2x,"PEAK-TO-TROUGH WAV4 E HEIGHT INI FEET"
38: f int 6)20x,"'PEAK-TO-PEAK WAVE PERIOD INI SECONDS"
39: fmvt 7P20xC "PREDICTED WAVE BREAKER HEIGHT IN FEET"
40: f mt.. 8;xsf6.2;zfor L=1, to 20;""+G'$ELyL3;no'xt L
41: "CRUNCHING W4AVE HEIGHT AND PERIOD ARRAYS TO ELIMINATE THOSE OF LESS.":
42: "THAN THREE SECONDS":
43: 0-4Lfor I~l to J b,, 2;if PEI)(3Thip 2
44: L+ 14L; HE I j+HC L1; PC I 34P[ELI
45:* -next 1; I$[ 129 ý 1, 2 ]+G$( 1Y223; "/"G$ 3 P3 ;D$C 129 ,4 15 ]+G~lE4 P5
46: D$E 129,5,6 )+G$E ~10, l)"/79"+G$E , S ; wrt.t 15. 2ýG$El1,8),D$E 129, 7i14 ),G, K\
47:' "PRINT EACH RAW WAVE HEIGHT IN FEETiCALCULATE 'ý PRINT AVG ý' RMS":
48: wrt. is; rt. 15. 5 *0S+Q for 1=1 to L by 10; for N=I to I+9 if N>L;,Jiyr. 2
49: 4*HE N )H;+H 4S; Q)+H*H4Q,,; wrt 15.8, H; next. N wrt is; next I
50: L4Pb,3sb "c.'2c."
51: "PR INT EACH WAVE PERIOD I N SEC:ONDS; CALCIULATE &. PR INT AVG AND RMS":
52: virt 15.6;04+SQ
53': for 1=1 to L. b-,-10 for N1I to': I+9 if N->L jf,"Fp 2
54: S+PEN)4S;Q+F'ENJ*P1II]4Q;wrt 15.8,F'EuJ;nex>t N;wrt. l5;next I

56: "CALCUILATE BREAKER HEIGHT AND PRINT EACH HEIGHT;AVERAGE AND RMS":
57: wtrt 15.7;4*.89*(15.5+3)4C;04S÷ýQ
'58: for I=1 to L by' io;for- N=I to 1+9; if' N>L; imp 2
'59: ((HE N )*4)'t4*C)-t. 2+H S+H+S; Q+H*HQ; wr-t 15.8, H next. N urt i5 next. I
60: -3sb "calc."
61: "CALCLULATE SURFACE WAVE HEIGHTS AND PRINT EACH AVERAGEi AND RMS":

62: wrt. 15.4;04SiQ;t'or I=1 to L by l0;fotr 14= to I+9;if tl>L;jmp 5t 3 fPN<999~E~rw64: PEN )4A -. 954337632+. 509299569*A-. 04862?407*A*A+. 00161 1285*A-t3-ý-A
6-5: S+H[ N 3*4/A4S; Q+ (HE N. )*4/A)T24Q
66: w rt 15. 8,HE N )*4/A next N; wrt 15* next. I
67: -3b cao
68: wrt i5;wrt is; wait 9999; nexct K'; t.rlk 0 dsp "end of Prwoq. tc" ; end
69: "COMPUTE AVERAGE AND RMS FROM SUM AND SUMSQ PASSED AND PRINT BOTH":
70 e .c:/4~kbE(QSSP/P1)Qt.r 5ur 53A~e

*56



ProgrwhT~ tisting 111-2. Simplified-modO3l Prediction ProComputingo
treeaker Statistics -- COMPAL-80 Versýion

PROI~GRAM NAM1E IS £BODAVA R~EADS' DATA FROMi MEMClr( CN \NCIs
C, ADDRESS AND PUTS DIATA INTO 1024-DAI ARNN

DIMENSION IA(04y~(0yAD8
DIMENSION IWH( 256),IWP( 25.6 ),Wr-VHTl( I2,'[),WAlVPE-rý( 12 '11

C INITIALIZE VARIAB~LES AND ARRAYS NX
DEPTH=16.0
HEIGHT=3,0V CNV=4 .0* .002442,
DELTAI*=.21-033
KTL~i
KNT~1
MEM=Z' 40001
KOUNT=0
SUm~O
DO 5 I=1,1024

5 IDAT( I1)=O
DO 6 1I1 y10

6 IEAD( I)=0
DtO 7 I=IiS

7 IADII( 1 )---0
1.50 FQRMAT( IX,97)

*200 FORMAT( IXy 1614 )
250 --- F0 RMAT( IX)

31 1fr f9RMAT( IX,' TEST DATE:*' t 12 p/r ,I21 /7'15rS

212r'l"'y~I2y' t I2y'6:' ,I2p' RUN NUMBER:' y12i- F y 12
32 FORi1AT('%'*O PEAK -TO-TROUGH

FORAV ( HEIHTIN'FET'
33 ORAT(V HEIHTIN EE'

34 FORIIAT("'Y'' PEA1K-TO-PEAK.
1 WAVE PERIOD IN SECONDS')

35 FORMAT( '0'' PREDICTED: WAVE
1IBREAKER HEIGHT IN FEET')

36 FORMAT(1X)
C READ IN DATA STARTING FROM MEMORY LOCATION
C 4000 HEX. DATA IN HIGH EtYTE/LO BYTE FORMAT;
C HIGH BYTE FIRST.

P0'109 J=I1v28
DO 100 I~1,15y2
LOC=MEM+( 1-1. )*2+( J-1, )*32
IHI=PEEK( LOC )
IHI=(IHI .AND. 255)
LO=PEEKC LOC+1 )
LO=(LO .ANTI. 255)
II=( 1+1)/2
IADD( II )=1I1H1/16
IF( IADD( 11I) *NE. (!-1) )GO) TO 80
IHI=(15 *AND. IHT)
NUM=IHI*2.56+LO
IE'AT( KNT )=NUMK
KNT=KNT+l
GO TO 100

&10 IBtAf( KTL )=LOC
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Program Listing 111-2. (Cont)

KTL=KTL+1
KNT=KNT'+1

10 0 CONTINUE
WRITE( 5,150 )(IADID( I )yI=1,8Y ),J

109 CONTINUE

PAUSE
WRITE( 5,200 )( IDAT( I ), I=Y1024)
PAUSE
WRITE( 5,300 )( IBAD( I ),I=1,10 ),KTL

COMMENT INITIALIZE TO START DATA PROCESSING FROM ARRAYS
COMMENT- AVERAGE REMOVED FROM WAVE ARRAY NEXT
COMMENT NOTE: DATA STILL IN 'BIT' FORM-" NOT VOLTS O0
COMMENT E.U* CNV. CONVERTS BITS TO VOLTS TO FEET

DO 10 I=1,1024
10 SUM=SUM1+IDAT( I )

ISUM=SUM/1024
DO 14 I=1,I024

14 IDAT( I )=IDAT( I )-ISUM
COMMENT START DETERMINING WAVE PEAKS AND TROUGHS
COMMENT AND WAVE PERIODS NEXT

14=0
IF( IDAT( 1) .GT. 0 )GO TO 12

DO 11 13=1,1024
11 IF( IDAT( 13) .GT. 0 )GO TO 15
12 DO 13 13=I,1024
13 iF(IDAT(13) .LT. 0) GO TO 17
COMMENT POINTS GTREATER THAN ZERO DETWEEN ZERO CROSSINGS
15 MAX=-32767

DO 16 I1=13, 1024
IF( IDAT( II) LT. 0) GO TO "-8
IF( IDAT( II) .GT. MAX) MAX=I DAT( II)

16 14=14+1
GO TO 25

COMMENT POINTS LESS THAN ZERO BETWEEN ZERO CROSSINGS NEXT
17 HI N=32767

10"18 Ii=13, 1024
IF( IDAT( II) .GT. 0) GO TO 29
IF( IDAT( II) .LT. MIN) MIN'=IIAT(I1)

18 14=14+1
GO TO 25

.4ii
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Program Listing 111-2.' (Cont)

COMMENT' WAVE HEIGHT AND WAVE PERIOD, CALCULATED NEXT
28 IHT iMAX

GO TO 20
29 IHT=MIN
20 KOUNT=KOUNT+l

IWF,( KOUNT )=14
IWH( KOUNT )=IHT

13=11l
IF( IDAT( 11 ) LT* 0) GO TO 17
GO TO 15

COMMENT WAVE HEIGHT( FT ) AND WAVE PERIOD11( SEC)
COMMENT CALCULATED NEXT
25 KN'1=0

KOUNT=4(OUNT-1
DO 27 I=1,KOUNTP2
KNT=KNT+1
WAVHT( KNT )=( AEBS( IWH( I ) )+ADS( IWH( 1+1 ) )*CNV

27 WAVPER( KNT )=(IWP( I)+IWP( 1+1 ))*DELTAT
PAUSE PRINT
WRITE(5y31 )L1,L2,L3,L4,L5yL6yL.7vL8
WRITE( 5y32)

WRITE(5 133 )(WAVHT1 A) tI=t YKNT)
WRITE( 5y34)
WRITE(5y36)
WR ITE( 5 p33)( WAVF'ER( I )I z.ILY NT)

COMMENT CALCULATE PREDICTED BREAKER WAAVE HEIGHT NEIXT
CONST=.89t( DEP'TH-+HEIGHT)
DlO 24 I=11KNT
WAVHT( I )((WAVHT( I ) )**4 )*CONST

24 WAVIIT( I )(WAVHT( I)1~ 2)
WRITE(5735)
WRITE(5iK36)
WRITE( 5Y33 )( WAVHIT( I)y 1=1 YKNT)
ENE,



Figure III-l. Sample Data Run for Simplified Prediction Model

TEST DATE 12/06/79 TEST TIME 17:23:31 RUN # 6- 1

PEAK-TO-TROULGH HAVE HEIGHT IN FEET
0.80 0.82 1.58 2.21 2.26 1.95 1.03 0.64 2.90 6,70
2.81 1.80 0.85 0.86 0.85 1.07 1.10 2.00 1.66 1.04
1.50 0.69 0.90 2.07 2.47 2.36 2.22 1.92 1.63 1.23
0.75 0.77
AVG: 1.67 RMS: 1.14

PEAK-TO-PEAK WAVE PERIOD IN SECONDS
3.63 3.63 7.47 6.83 8.11 6.40 4.91 4.27 6.40 7.25
7.47 7.25 4.27 7.47 4.05 4.69 6.19 7.04 5.97 7.68
6.61 4.27 4.69 7.68 7.47 6.61 6.83 7.25 6.40 4.91
5.76 3.84
AVG: 6.04 RMS: 1.41

PREDICTED WAVE BREAKER HEIGHT IN FEET
1.93 1.97 3.34 4.35 4.43 3.95 2.36 1.63 5.42 10.58
5.29 3.69 2.03 2.05 2.03 2.45 2.50 4.03 3.47 2.38
3.20 1.72 2.12 4.14 4.77 4.60 4.37 3.90 3.42 2.73
1.84 1.88
AVG: 3.39 RMS: 1.74

PREDICTED SURFACE WAVE HEIGHT IN FEET
2.43 2.49 1.96 2.87 2.70 2.66 1.82 1.41 3.94 8,41
3.48 2.26 1.85 1.06 2.03 2.02 1.54 2.56 2.39 1.26
2.00 1.51 1.69 2.53 3.06 3.14 2.88 2.42 2.22 2.18
1.12 2.05
AVG: 2.44 RI'S: 1.28

![
fI



Figure 111-2. Flow Diagram for the Simplified Prediction Model Program.
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[Write to printer wave-height titl&6

Write to, printer wave-height data]

O.All heights written?>

[Write to printer hv RSleights]

FROM PAGE 111-12
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Figure 111-2. (Cont)

Write to printer wave-period

• •w~~it o •t w-o
NO 4

All periods written?.>

YES

Write to printer ave & RMS periods]

[Write to printer breaker-height title]

Write to printer breaker-height data

(Write to printer ave & RMS breaker heights]

Increment file counter
NO l

,Alfiles done

LeInd-

( *

I'

...mm m • . I,



SECTION IV

DATA PROCESSING USING THE DETAILED MODEL

in this section is given the background information and program

develoDment for the detailed prediction model. This model also predicts

the individual breaker heights and statistics, the breaker depths, and the

longshore currents. Several major differences exist between the two pre-

diction programs. In the detailed model wave period is used directly in

the calculation of the breaker height removing the limitation due to the

measurement being made at the bottom and hydrodynamic attenuation of the

waves not being accounted for. Also, in this model the approach angle of

the waves is considered both in terms of the breaker height and the long-

shore current.

Because of these changes, the prediction portion of this prog-ram is

considerably more complex than for the simplified model. Not only are the

prediction equations more complex, but in several places in the program,

the calculations are done by an iterative process, requiring many loops

of processing and refining of the calculations. For processing where time

and memory are not restricted, these factors are not important. However,

for onboard processing, these factoizmay significantly influence the design.

These considerations are not part of the present study, but are to be in-

cluded in the next phase of this program.

For the prediction of the breaker heights, the detailed model takes

the measured wave heights and periods: from the pressure-gauge data and

computes the extrapolated surface wave heights as given by:

H= H f(osh2 dL
Hs m cosh(211b/L)

where L.'is given by:

2
1, (gT /2fl tan h(2R1'd/L)

where H is the surface wave height, H is the height measured at the sensor,s m

Ii
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d is thli total water depth at the buoy, b is the height of the pressure

sensor above the bottom, L is the wave length, g is acceleration of gravity,

and T is the measured wave period.
i=

This computed surface wave height is then used to obtain a preliminary

breaker height obtained from:

.Oo(t4 )4/5
1 ( .982 (.9o)' H

where Hb is the predicted breaker height, h0 is the mean water depth at the

buoy, and H is the extrapolated surface aig;eheightiat the buoy. This

initial calculation is then used as the input wave height in an iterative

routine to calculate the refined breaker khere the refraction, friction,

and shoaling coefficients are updated with each new calculation. This pro-

cedure is given by:

tbH
h H,:'.~ b. "- 'b,-

a 1.36g(I - e-19M)

b 1.56/(1 + e'19" R')

9 sin-C{ sin(G)

C m L/T

C b [gob+ hb] 1/2

L .0CTb b

where M is the slope of the beach, 9 is the wave angle approach to the

beach, b is the breaker angle, C is the wave celerity at the buoy, Cb
bb

is the breaker celerity, and L is the breaker wave length, with the other
b

paramtetorp as proylqsly given.

• mI:
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From these initial calculations an improved breaker calculation can be

made based upon the following:

•F Rb=H Kf K K
b Sfr s

K .98

Kr [ Cos(@b)

SK = tanh2• hL) I+ sth4T hi/L
tanh(2iTh/ * +sinh(Or h/g)
tanh(2lth L4Lihb/Lb

bb 1 sinh(41Th bL

where the K-factors are the breaker coefficients and the other parameters

are as given.

The breaker height computed from this second breaker-height equation is

then compared with the previous breaker-height calculation. If the

difference between the two heights does not exceed a given amount, the

process is ended. If the difference is larger than the given amount, the

calculations are repeated, using this last breaker height in the breaker

depth equation on the previous page and all of the following calculations

repeated.

The maximum longshore current can then be computed from the above

results using:

Vm 20.7(tanM)(gHb)1/2sin(29b)

The program listings for the programs for the two systems are given

in Program Listings IV-i and IV-2. The previous comments in Section III

regarding the two programs also apply to the ones given in this section.

Figure IV-l is a sample printout of two data runs from the same time period

as Figure 11L-I in Section NII and was also done on the HP-9825.

4



- IV-4

Program Listing IV-i. Detailed-model Prediction Program for Cbmputing
Breaker Statistics -- HP-982j5 Version,

-0: "PROGRAM TO COMPUTE WAVE HEIGHTS AND PERIODS FROM WAVE DATA OF SEA EBUOY":.
'1: "COMPUTES CURRENT DIRECTION FROM XAND Y COMPONENTS; FORMS HISTOGRAM":
,2: dim RE 18;fmt. lf2.Osxi-f2.0,x~f8.5,f3.Of4.Of3.0;dimi Z$E3S')jtrk 1
-C.: dim D$E 129 32); ent. "How man f-i les?", R~erit "Wha~t is f irst file #"PF
4: dimi HE 290 ) dim' PC 290 ) di(-M G$E 12 ) dic'i WE 1024); for K=1 t~o R O4L4E4Q+ýS+V4X+.Y
5: "DATA FILE READ INTO STRING; WAV~~ES; STORED ON EVERY OTHER CHANNEL; ":

":"LONGSHORE CURREN4T ON CHANNELS 3AND 1E1 ONSHORE ON C:HAN[ELS 4 AD 11"
":"ALL STORED IN HIGH RND' LOW BITES OF STRI NG;WAV~E DATA CON4VERTED TO":

8: "VOLTS AND STORED IN ARRAY;CLRRENT DIRECTION COMPLUTED FROM CURRENT":
* 9: "COMPONENTS AND STORED AS HISTOGRAM ARRAY; DIRECTION'S SUMMED &. SUMSIQED'"

10: inca Aldf FiD$;.054O for J=I to 128;for I=1 to 29 by 4;rnum'(D$1Jq~1]))+A
11: nui(D$EJsI+1,I+11)+B;Shf(A,4)+ýC;bdn(A154
12: if C#(1-1).'2L'eer.'E+14E
13: L+1+L; .C02442*(25-6*A+B)-5+ýWELI
14: wrt ..1, C, 1-1>'2ýWE L3),E JK;t next 1! for I=3 to 19 by 16.

* 15: nuMi(D*E J, 1,1)-+A *nuM~(D$E J, 1+1, 1+1])4E: L2rind(A, 15-)4FI
*16: .002442* (256*A+B) -54*C; C+X4X; iUM (D$E J s 1+4., 1+4 1))48

1: nu(.DEJI5,+5)B~bo~rd(A,15)+A;.002442*(256*A+B)-5+C
1S: C+Y4Y next I; next J;X.2 564rI; 1 Y/256+ r2; F+14F; for J=1 to 128
19: for- I=3 to: 19 by 16 rnum(D$E J. 1,1l)) FiA ntw(D$E [J, 1+11+1 )+B sh-f (As 4>4C
20: band(A, is+8; . 02442*(256*A+B)'-5-rl÷X; nu~fli(D$E J,1+4, 1+4 ))+A,
12'1: nuti'(D$EJ;I+5,I+53))B;Shf(Ai4)+C.ýboitrd(A,15)+A;.002442*(256*A+B)-5-r-2+Y1
22: oatn(Y/X)+A;if A<0;A+1804A
23: V+A+V; Q+A*A+Q; mt (A/10)4A; RE +1 )+1+AEA+1]; next. 1 next J 2'564B
24: "AVERAGE OF WAVE DATA CALCULATED AND SULBTRAC:TED FROM EACH DATUM; ":
251: "HALF WAVE CALCULATED BY TAK'ING LARGEST AEBSOLUTE VOLTAGE BETWEEN CZERO":
26: "CROSSINGS;PERIOD EQUAL TO # OF PTS. BETWEEN CROSSINGS TIMES DELTATIME":
2?: 04J+S;for I=1 to 10245S+W1I)+S~next 1;3.141594U
28: S/10244A for I=I to 1024; WE I -A4WE I1);next I -99994X 999941M
29:, 0-*Nif WE 1 J>0; to "neqb"
30: "posb": for L1I to 1024; if WE L >0; 'to "pos"
31: next L rL1t104ifWL K;'o"n"
32: "neqb" :for=1t 04i [X qo"ng
33: next L
134: "Pos" :for I=L to 1024; if WE I o; XiH; qto "cvraoy"
:35:* if WE I >X; WE I +X
-36: N+ 41+; next I; qto " r rirint
37: "neq": for I=L to 1024; if WE I >0; M÷H; qto "array"
38: if 1E1I1)<1M1WE I411
;39: N+ 141*Nnext I;q*t 0 "prit
40: "arroiy":J+1+J;N-* ,2 13.3FE J]-b:E()H[]L-ý-ý
:41: -99994X 99994M; if WE I 3<0; to "rie&'

43; "WHOLE WAVE HEIGHTS AND PERIODS FORMED'":
44: for 1=1 to J-1 by 2; 1-C I +HE 1+1 )+HE I)PC I )+F1+1 )+PE I) next I
45: "BEGININING OF PRINT ROUTINES":

(46 ' "pri~nt":if Jmiod2#0;J-1+J- ",f2.

47: fmt 2,3x,"TEST DATE ")c.8," TEST TIME "ic.@," RUN #",t3.O)"-"f.
48: frIt 3, 3x) "AVGo "f 6.2'1" RNS: " if E..2; nur'(D$[ 129 s21121) ))+G

- - 49: fm't 5)20x, "PEAK-TO-TROLIGH WAVE HEIGHT IN FEET"
50: fm'i 6, 20x, "PEAK-TO-PEAK WAVE PERIOD IN SECONDS"
*29354



Program Listinig IV-1. (Cont)

51: fmt ?s2ft,"PREDICTED 1NAVE BREAKER HEIGHT IN FEET"
52: fmt. 8sxsf6i2,z;'for L=1 t~o 12; ""4G$cLsLJ;next L
53: fmt. 9,f7.0iz;" OFFSHORE WAVE DIRECTION HISTOGRAM"+Z
54: M'~ 129ý I 241,21-*G$ j /"G)* 3]D 129s4 )]iG$E4s5JD$E 129,5,6)4G.-$E 10l 11
55: "/79"+ýG$1E6s8); wt is. 2)G$E 1,8), D$E129ý:?s 4), G, ';K wrt 15;1wrt-15s Z$
56: "PRINTING OF DIRECTION HISTOGRAM AND CALULATION O:F AVERAGE AND RMS":
57~: f'or 1-11 to 2(N--1)*10+14L
.58: f or I =L t o L+9 ;i f I >18;Jpip 2
'59: wrt. 15, 9 k I*10;next I
'60: w rt is; for I=L to L+9 if 1>18; ..imr. 2
61: w rt 15. 9 sA[ 1; lnext I
62:. wrt 15;next tflB-P;V+ýS;qsb ".a~
63: "CRUNCHING OF WAVE HEIGHT AND PERIOD ARRAYS TO ELIMINATE THOSE":

£.4: "OF LESS THAN THREE SECONDS":
65: A-ý ;+L~for I~1 to J by 2;if P[I)<3;3f.'p 2*
66: L+1'4L HE I )+HEl ;PE I )+PEL)
6?: n ex t I
68: "SURFACE WAVE HEIGHT ARRAY RECALCULATED USING ATTENUATION FACTOR":
69t for 1=1 to L;P(I)4A-. 95433763+ ,509299569A-.04862740?AT2+.00161ii285A134A

71: "PRINT INDIVIDULAL SURFACE WAVE HEIGHTSý ~AVERAGE' AND RMS":
72: wr t 15 .5;04siQ; for 1=1 to L by 10; for H1=I to 1+9; if N>U Thr.' 2
73: HEN]AH;S+H4S;Q+H*H4Qhwrt 15. 8,H)'net N; wrt. 15$*mext I
74: wrt is; L4P; 9$b 'Ll

75.wrt1.
76: "PRINT EACH W4AVE P'ERIOD IN SECONDS; CALCULATE AND PRINT AVERAGE AND RMS"61
77': for 1=1 to L by 10 for N1I to 1+9; if N>L; Jmp 2
78: 1 E)5+E~2Qr 15.8iPEN);rnext N~wrt l5;rlext I
79: wrl. 15;gsb %aclc,"
80: "CALCULATE INDIVIDUAL PREDICTED BREAKER HEIGHTSýAVGs AND RMS AND PRINT":ý
81: O+S+ýQ;for 1=1 to L;(.98t*(.9*19)f.25*HdII)t.84H;'PcIJT
82: "CONVERGENCE LOOP FOR PREDICTED*BREAKER HEIGHT":
83:. "rout": H/(E-C*H/,Tt2)AD; gs "woavlqth"
6:4. W/T't-l11f(32.2*(H+D,))4r12rt12*T+B
85: rl2*r-3.13/r14rl3; f(l-r313t2)+C
86: 2*U*19/Wirl;2*U*D/B-ýr2;(1-exp(-2*r1)).'(l+exp.(---2*rI)>+r-3
87: (1 exp(-2*r2) )/( 1+exp (-2*r2) )ir4 (exp(2*r1)-exp(-2*rl))/24r-5
88: (exp(2*,t2>-exp(-2*r2))/24r6g,(r-3/r4*(1+2*r-1/r*5)/(1+2*tr2/r6))÷rjI
89: r(t-31/C)'t-2;HE I *.9 r 1* r2+G it' abs(G-H)>.0i;G4H[qto "rout"
90: G+HE I JS+HC I ]S;L,+HE I *HE I 4Q~next I~wrt 15.7?for I=1 to L by 10
91: for N=I to I+9; if NWL+ ; wrt 15. 8ýHEN)1; next N; ,..rt 1is;next I
92:. wrt I9'L4P[-3sb "calc."
93: wrt s;wrt. is;nre~xt K; t r O; dsr. "e*nd" ;end
94: "COMPUTE AVERAGE AND RMS FROM SUM AND SUMS'2 PASSED Alit PRIHT B:OTH":

96: "INDIVIDUAL WAVE LENGTH COMPUTED FROM PERIOD PASSED":
:97:. "wctvlcith)":32.2*T*T/(2*U)+ýr4;rt4.*r7
.98: 2*U*19/r74r5iexP(2*tr5)+r6r4*(tr6-1)/(r6+1)+ýr6,-
99: abs(r8-r7)/r7ir9;if r9<,0O0@l;jm~p 2

'100: (r8+r7)/24r7.Pjmp -2
'101% r8-41; ret.

1*31769
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Program Listing IV-2. :Detaiied-model Prediction Program for computing
K. Breaker Statistics -- FOHTRAN Version

PROGRAM BODATA
cO, 0 'ROGRAM NAME IS BODATh. READS DATA FROM MEMORY AND CHECKS

611 ADDRESS AND PUTS DATA INTO 1.024-1-'ATA, ARRAY
C (O M PROGROM DiElE'ERMINMS IN11,0vilU'I WAVE HtIi: GTS ANDY PERIODS

U;1 USiNc; A, ZERO CROSSI NG METHI.1D NLXU THIl BREAKER HEIGHTS
0 COM ARE COMF'UTEDI USING AN ITHRATION PROCE'S
C. O FM FINALLY WAVE IEIGI.ITISy PEI'RIODIS AM* bRM:AIAR ,lEic'vHTS ARE PRINTED.
COM, INITIALIZE VARIASBL.US AND ARRAY', NERXT,

DIIENSION I:A]f ,I0.. , IBAD( 12 )4 IAI:( 8 )• • II'DfMENS.0N iWI!( 25) IWP( 256"),WAVHT( ,i 28 ) ,WAVF'FR( J 28 )

DO 6 I=:h10
6 IB'.AD( I )=0

DO S I=J
:IADD( I )=0

3:1 FORMAT( T BREAKER ANGLE F6 1, )
3 2 FOR MAT( T PEAK-TO-TROUGH

IWAVE H-IEI(;IIT IN FEEf' )
3 3 FORMAT( 10F9.2)

, - FORMAT( 1 0' PEAK-TO-PEAK
1, WAVE PERIO1) IN SECONI:'I) )

l35 FORMAl( O0,' PREDICTED WAVE
K ~BREAKER HEIGHT IN FEET' )

36 FORMAT( I.X)
CO READ IN biAl A ST'ARTING, FROM lEMURY LOCATION 4000 HEX.
"C:0 M DATA IN HIGH BYTE/LOW BYTE FORMiATy HI:CH BYTE FIRST.

K.Nl~iS~KNT=I

M.:EM=Zi 4000$
DO 109 J=.I:L28

i ~DO 100 I=I,15?,.

LOC=MEM+( 1-1 )*2-K J- M32
IFI:E=PEEK( VJC )
IF(M!G: 0)GO TO 40L .A IH I= IH l v.+25 6'

4'0 LO:=PEEK( LOC+i )
IF(LO *GE, O)GO TO 50
LO=L04256

50 I]:=--( 1t+I12

IiF( ( IABf(II)) .NE. (-1) )GO TO 80
l141=( 15 ,AND. 1111)
NUiI= I H i*256-{L0

K lI:.AT( KUT )=NUM

KNT=KNT+A

all 0 0 (EUMBNI8-IE )=LOC
i0K•It UE
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PAUSEL; PAUSE
COMME.NT Iiw]:I'pamI To STAIRI DATA PROCESSING F-ROM ARRAY'S
C0it AVERAGE REMOVED FROM WAVE ARRAY NEXT

i' COM INOTE t DATA STILL IN 'BlT"' FORzm -. NOT VOLTS OR E. U.
C,0M CNV CONVERTS BITS TO VOI..TS TO FEEFT.

CNV=4, 0, 002442
IDt-ELT AlT=. 2113

KOUNTI0,
"ISUM=0I DO 10 1=::l,1024

:I, 0 1 SUM= I StJM+ 3: I)AT ( I
ISUM& ISUM/ 1 024
DO 14 I=1,iO14

:14 IDAT( I DO)=:f•T(' . )-ISUiH
(.,0M START DETERMINING WAVE PEAKSi TROUHS, AND PERIODS NEXT,

MIN=3 :.767
14=-0"5 F(IDAT(1I) 0. 0) GO TO 12

DO 11 I v:l,,024,
:I1 IF( IDAT(13) GCT, 0,) G,) TO 15
:+1.2 DO 13 I3=Il•124.
:1,3 IF(IDAT( 13) LT. O ) GO TO 17

COMMENT POINTS GTRI'ATER THAN ZERO BETWEEIN ZERO CROSSINGS
'+ :15 DO 16 1 = 113Y 1024

IF( IAT( Ii) L.T. 0) GO TO 28
IF( IEAT( :[I ) ,T, MAX) MAX=IDATV 'I

:L6 1 :I4= 14 1
GO TO 25

COMMFENT POINTS LESS THAN ZERO DETWEEN ZERO CROSSINGS NEXT
":1.7 DO 1S IS :=13, 1024

IF( IDAT( II) .- T, 0") GO TO 29
IF( IDAT( II ) , LT. MIN ) MIN=IDAT( ,t )

:L8 14=14+1
GO TO 25

C"OMMENT WAVE HEIGHT AND WAVE PERIOD CALCULATED NEXT
28 IHT:MAX

GO TO 20
29 IHT=M IN
20 KOUNT=KOUNT+l

IWP( KOUNT )=14
IWIH( KOUN'r )=IHT
MAX=-32766
M IN=32767

14=0
13=Ii
IF( IIAT( II) .LT. 0) CO TO 17

GO TO 15
( '- 25 KNT=0

KO KUNT=K1OUNT-I

kii
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DO 271:K~N~

277 t4JAVPLR(,KfT )--( IWP( I )-iIWP(. 1+1 ) )(EILTAT.ý2
PA11181iS PRIfNIT

W4RITE( 5y 1~)( WiAVHT I I).l .T K NT

WR ITE( 5 v3o)
WRITE( 5y 33 ) WA-VPER( :I I), XYKNIT)

C~OMMEN'T CALCULATE PF1REDICTu:'l BREAKER WA~VE HEjrIGHT NX
7 ~ FORIMAT( IX 7 ENTER WAVE DIFRN ( E . 9 G ) 01 )

FORIMAT( .-LXY'ENT'=, " TI ( E. C * 25.6-)
9FO)RMAT( IXENTEfS SLOPE (E. G. . 05

CA~LL. ENTEM~ DEIPTH
WRITE( ~5?9
CA'LL ENTER( SLOFPE
W RITE ( 57
CALI- ENTENR T[IETA 2

C.,OMMENT INITIA~LIZE VA~RIABLES NEXT

THET(A(AB( THE -9~'0.+0
'T'HETAt:'THETA*IN1i:/'IrJ(, 0
SliMT H= .,0

COM1MEN~T S:V()RI I1F:RIOT tOl ROUTINE FOR< DE'TAILEDt PRE•I~CTxON NODEI.
* l~a6*( 1-.EXF,( - 19*SLOPF2

I~: . 5 6/ 1,1,EX P( -:1,9.N 5S LOF& P')-
1'102 1=1tKNIT

I1-( + 98*12A( ( 90*DEPTI- )**,,2," )AlFhWH'( 1) )34,9,
P=WA~VPER~( )

21 Dzil(D %*-1.1Ii/ P*P 2
CO~LL WAVLTIH( P WIL YlizEpTil2

STNTI1i1=( CB/t )*SINK THETA~ )
C0S~l-li--S(WRT(. I -SINTHB,\k*12 )'

C*THE"TA=S1!RT( AlIS( ( C'0S( THETA~2 ,o'II)
A R G I =21,Ap i * .EF' H/ W L

VrANPI'l ( I -EXP( -2*AR<C:'l))I :L+tEXF,( -2*iAR~i2
TgANH2z=( I-EXIP( -2*ARG2 2 /(I+EXF( -2*AcGR2)
SINHI=0(7XFP 2*URGI )-EXP'( )/2RI
SINH2z( UXP 2*ARCZ2 2'--Xr( -2*hR[G2 )/-2

CSSRT(Tr~H1/,~N2*(1+'2)*iRG) 'SINHI )I/( l+2*ARG'2/SlNH2))
H2= Wi'VHT( I )* CF *CTM:-EfA * cS

~C,~iENT CHECK FOR IT.U\110N DlF"FEREMNL4'S LESS THA~N ~01 ABSOLUTE
1t ( VR' .LT 4 0. 01 GOf TO 19
HI=H2

4? WAVHTX2'=I-2



v. riri i.ýn a m - -k 1)

TIlETif,*----TAN( OFF-P/COlStHJY
S MT~U M 1 =W3v iI I+T H1ET AD

22 C0 N T IN U'E

14 R.1 TE (5y Z5)
WR~ITE( 1, 3
WRITE7 ( 5sy, X3) W4VH T( I1 I, I P1 ~ ~T)
WRITE( 376)
WRA TE( 5 y 31 )THETADr

SUB~ROUTINE WA VlTH( P yWIL YDLTT )1
C M M~ENT R 0, .)T11NE Yl) C0i1UTla~l WA~VE I.F. NG'fiIT. UIJ~NG LXNEAR WAVE THEORY

IO~EINT ROUTINET I N F ZrATIE' LENC.TI 13 UINTiL Ri22ULTS ARE WI T HIN 0.0 17,

23 X:...6. '~( .~3i

X2=,E.XP( 21ZX)
WL-2= X.1T( X2-1L M/ X2+1)
WlJ=AFs:i( WL.2--L&i )/WL1.

IF'(LI .LT. ~000:1 GO TO 26
Wl1"mt WIL2+L:L )/2
GO TO 23

26 tkL[ =WL 2
R ET URN
ENDt



SECTION V

(A FIELD DATA COLLECTION SYSTEM

In this section are given the specific- details of a self-contained data

acquisition and recording system that was used for the collectIng and recording

of the wave data from the CERO Field Research Facility at Duck, P.. C. The

design of this system was simplified considerably by making use of extensive

design and development studies done previously by Dyiex personnel on other

related Navy tasks. The heart of this data acquisition and recording system

is the Information Transmission System (ITS) developed under other studies

and modified 'i this study for the given application above. As described

in Section I, ITS'is also. used as the central data acquisition system in the

data buoy. Although& Siscusi!d briefly in that section, specific information

J.'s given in this section in detail to allow an end user to adapt this system

to his specific application. Because of its versatility, ITS should be

readily adaptab).e for many Navy fleet applications. More complete details

are given :by Dynex reports, FR-XVI-i and FR-XVI-2.

An overalJblock diagram of the data acquisition and recording system is

given in Figure V-i, with the data collecting and recording system given in

the top part of the figure. The lower part of the figure depicts the manner

in which the recorded data are played back into any standard computer with
a serial (ES-232) interface port. The distinct advantages of the system are

its low cost (around $,600.00 for components and the digital tape recorder)

and its high reliability (typical tape errors less than one part in 105 for

tape densities of 1600 bits per inch or less and drift characteristics of

about one part in four thousand for long term). It is also highly portable

and uses easy-to-obtain.digital or high-quality analog cassette tapes.

The specific details of the system are given in the following paragraphs.

Up to 16 channels of analog information are input into the 16-charan'•! multi-

plexer which sends the data sequentially to a 12-bit analog-to-digital con-

Verter for digitizing. The digitized output along with the channel address is

sent to a UART which converts the parallel data to a bit-serial, F8-232 standard
( \

format which is recorded by the digital tape recorder. At power up, the system

automatically commences its sequential channel scanning/digitizing operation



'unti1. systemk power dowin. Sifig channel addr1ss6i• dontained in each-datý, word,

,all data are uniquely identifieoi ý)akihg data recovery nd- iroaessing by the,

computer""h easyoand reliable task.

ANALOG SIGNALS INFO•RATION DIGITAL
7 wav'e gauges, •TBANSMISSION TAPE
current meter 'SYSTEM RECORDER
Xducer wave gauge , (mux-A-to-D) (Is-232)

calibratibn signal _______

Data Collecting and Recording Sy~tem

I Rs-232 SERIAL

CORDER INTERFACE - COMPUTERl-(i:-23,2) (p/o computer)

Computer Processing Using Recorded, Data

Figure V-i. Diagram of Field Data Collection System and Processing Application.

An internal clock in the ITS system controls all timing of the system.

No input information from any processor is required; the system operates in

a self-contained manner. A processor is not even required for the output

information. The serial output data can-be directly recorded on a digital

recorder compatible with the system. This recording can be done in the

fleld or at any location the user desires. After the data have been recorded,

the digital tape infoirnation can be played back into the serial interface

port of the processing system as 'if the data were being obtained live in

real time. Since each recorded data word has the identical'ly same format

as the real time ITS data, each word contains the address of the analog

input channel. In this manner, each Aord is uniquely identified. The

data word is made up of two bytes °(8 bits each): a. high byte containing the

address and the most significant data bits, and a low byte containing the rest

of the data bits. The high byte data bits are bits% 9, 10, 11, and 12 and.

are the first four bits of the high byte with data bit 9 being the least

significant bit of the high byte. The four address bits form the upper

part of the high byte with the most significant bit of the address being

the most significant .bit of the high--byte. In the low byte, which contains

data bits I through 8, the least significant bit of the data (bit i) is the



'.!ast slgif.i ant.bit of-the iaow byte, and• data bit 8- 16 the most signi-
'I ficant bit of the low byte. This is shown pictorialIy, in Table V-i

HIGH BYTE LOW BYTE

A4 A3 AA1912nl 0 D1 9 D8 D7 D6 D5 D4 ýD3 D2,ID

where A4 = MSB of address',. A1 = ISB of address, D12 MSB' of data, DI -LSB
-of data and the bits are given MSB to ISB, left to right in the 'byte

Table V-i. Data Word Bit Arrangement -in' the. High Byte and Low Byte

Figures V-2 through Y-4 give; the sequentially-scanning mode diagrams.

Figure V-2 is a functional block diagram; Figure V-3 is & block, schematic-,

wiring diagram 9f the signal' and power of the system; and Figure V-4 is the

dame type of diagram for the control and timing circuitry of the system.

These 4igur.s should be referred to in the following discussion of the

system.

A, 1,8432 megaHertz crystal oscillator derives the master clock si'gnal

for the system. This clock signal is input to a baud-rate generator, which

in turn derives the desired clock, timing, and control signals for the

system operation. The clock signal for the UART (Universal Asychronous

Receiver/Tranismitter) is 1i6 times the selected baud rate for the systemi

Two additional clock signals are developed by the baud-rate generator:

a divide by 16 and a divide by 32 of the baud rate selected. The first

is used for developing the UART enable signal, and the' second is used for

the tri-state enable signals (one for the high-byte, set and the inverted

signal for the low-byte set of tri-states). The second clock signal is

also used. in the sequentially-scanning mode for setting the parity of the

UART with the high byte having even parity and the 'low byte having odd

parity. (Refer to a later discussion in this section on the use of even

and odd parity by the processor to determine whether the 'byte being pro-

cessed is high byte' or a low byte.) In addition, the divide by 32 clock

signal that is used to- enable the high-byte tri-states is used to strobe

(or start the process) of the multiplexer-digitizer (SDM 853).
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The UART efnable signai is developedby a D-type dual flip-flop, which

'inconjunction with the asspociated tnr-state produces a signal' that is high

most of tjhe time, iA tlow for two fixed clock periods;of 104 microseconds,

and returns high again, for the next cycle. The UOMT is ehabled by the low

signal,'which means that daEa, on the UART inhput lines (pins 26 through .33

of the CDP 1854) are available to the UART transmitter registers. When

the UART ena66le signal goes high, the data on these lines are latched in

the UART. Any ,chafiges on the data after that time are riot seen by the j
UART' until it is enabled igain- by a low signal. klso data that is changing

while the UART'is enabled has no effect; qnly the data that is there-when

the enable signal goes high (the rising -edge of the UART efiable signei) is

latched by: the UART to, be serially sent o'.t.. When the data is latched in

the UAk, it is then serially clodked out at the selected baud' rate.. The

,followinig format ;,as :haid-wire selected for the UART: -t rst bit out is the

start bit, then the 8 data-bits, I parity bit, and 2 stopVbits.

The output data from the digitizer is connected to four tri-states

which form the 8-bit bus system of the ITS. 'When a set of trn-states are
enabled, hey allow, the data On the ihput to be passed through onto the

bus. When the set is disabled, the tri-states in effect block the input

data from appearing on the output bus. In this manner, when the high-byte

tri-states are enabled, the data for the address and four most-significant

bits appear on the output bus. When the low-byte trn-states are enabled,

the data for the data bits I through 6 appear on the output bus. It should

be noted that the SDM 853 is only strobed onceduring this cycle •such that

the data on the output lines are held constant while •the high byte and then

-the low byte are put on the output bus and are transmitted serially high

byte then low byte by the UART,

When the SDM 853 is strobed, the multiplexer is stepped to the next

address (starting initially at channel 0), the analog data is then presented

to- the digitizer-after a 9 microsecord delay' to allow the data to settle

before digitizing, and the data is-digitized with the 12 data bits and

address appearing on the output lines of the SDM 853. 24 microseconds later.

The en'tire process takes apptoximately 33 microseconds and, of course, is

independent of the "selected baud rate. During the time that the data is I"



Wing digltize&-nd data on the bus is being switched from one byte (either

high or low) ,to othe other byte, the UART is enabled. But the data is not

( - latched at this time. The data is latched 104 microseconds after the start

of the process to allow complete settling of all devices before lat~hing to

-insure valid data in the UAfa to be transmitted.

( 7 The SDM 8"33 is continually strobed, stepping it through all 16 data

"channels, with two bytes being transmitted by the UART (a high byte and a

16n byte) for each data word. The cycle continually repeats itself since

it is completely'under internal clock control. The ITS does not check to

see if the receiving device (a processor or a recorder) is ready. It puts

out the data whether or not the receiving device is ready or even theie.

Therefore, it is necessary that the receiving device be capable of receiving

the data bit stream at the rates being transmitted. It should be noted that

the 1.04 microsecond UART enabling period would have to be shortened to pre-

vent over-run of the UART stop bits being sent if the baud rate exceeds

38.4 kilo0lertz-. This enabling period must be. shortened to prevent over-

run of the parity and data bits for baud rates higher than 57.6 kiloHertz.

This ena:bling period can be shortened by using a higher frequency than

19.2 kiloHertz out of the baud-rate generator. However, in shortening

this enabling period, caution must be exercized not to make the period

shorter than the total time period of 33 microseconds for the SDM 853.

With care this can be-done without exceeding the 200 kilohertz baud-rate

limit of the UART operating at 5 volts.

A- major cdncern in reading the data is to be able to reconstruct the

12-bit data word with the 4-bit .address. This can be done by first determining
•which of the received bytes is a high byte and which is a io-ý byte. When a

high byte is located, the address can be stripped off to determine which

channel the data came from. Then the high byte and the following data byte,

which by definition will be the low byte corresponding to that high byte,

can be combined to form the o-iginal data word. The parity bit in each

byte is checked to determine whether the parity is even (thus a high byte)

or odd (thus-a 1ow byte). This can be done by the HP 9825 in the following

manner: The serial interface is set up for even parity. If the byte read

-by the inter-face contains even parity, there will be- no parity error. But

•, t,' , •I- i
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if the byte read contains odd.patity, there will -be a parity error and the

C parity errcr bit in the status register of the interface will be set, with

the flag bit- number depending on. the specific system. The procedure is then

to reset first the status word: registers, read a byte, check the status word

for a parity error, and when. an error is detected, that byte is a low byte

,btecause a parity error-will occur for a byte with-odd parity', which is a

-low byte. Therefore, the next byte in the stream must be a high byte by

definition, ,since the stream is always alternating high byte, low byte, high

byte, low byte, etc. When the high byte is detected, it then can be examined

for address by looking:-at the four most significant bits only. If one wanted

to start at address zero (the first channel), then one -would follow the following

procedure: After-a low byte has been detected by the parity-error method given

above, read in the next two bytes. These will be a high byte/low byte pair

Since the high. byte is sent first in the 'set. Examine -the address found in

tFe high byte by equating •:he high byte to a dummy variable, shifting -all

-four bits of that variable right by itour places (or anding it with 240).

leav'ing only the addres§ bits in the lowest locations of the variable (or

in the highest places of the variable in the case of an anding operation).

The dummy variable can then be checked to, see if the address is the desired,

:one. If not two more bytes are read in And the address checked following the4 procedure given above until the correct address is located.. Then the data can

be read into the computer -array for processing. Several specific -programs

are given in this report that use the- above procedures. The program Latch,

described in Secti6n II and the FORTPAW listing of that routine given in

7 Program Listing lI-1, is a very good example utilizing these procedures.

The final part of this field data collection system is the digital tape

recorder. The papticular recorder used in this study is a National Multiplex

Digital Tape Recorder Model numbcr CC-9, which cost less than $200.00 and

uses 16w-cost digita] or good-quality analog cassette tapes. The recorder

-comes complete with RS-232 interface as well as TTL compatibility. It can

operate up to 9600 baud by changing the tape speed to keep the tape density

less thafi 1600 bits per inch (1200 bits per inch is a good, reliable speed

for most reaona-ble -cassette tapes). The recorded output from this tape

recorder can be directly interfaced with a serial (PS-232) port of any computer,

K completing the recording/processintg sequence.
-: ÷
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SECTION VI

FIELD TESTS AND PROCESSING RESULTS

Part I. NCSC Tests

This-first part gives discussions of the deployment, operation,

and retrieval of the data buoy in the Gulf of Mexico, the description of

the test conditions from which data were collected, and a detailing of

the method of conducting data tests. Also Included in this section is

a discussion of the method of making direct Fround-truth measurements to
support the. tests. The last part ofUthis section presents the results of

the data processing, in which the results of the two prediction models are

compared• with one another and with the ground-truth measurements and the

observed conditions by other means during data collecticn. The specific

computer output-line print-outs are given in Appendix A for the simplified

model and in Appendix B for the detailed model. The reader Is referred to

these two appendices, for actual values and specific details of the pro-

cessing results. Included in these two appendices are 72 individual test

runs, giving over two thousand measurements and calculations of wave heights,

periods, direction, predicted breaker heights, and various other associated

processing statistics.

BuoyO~eration. Prior to the buoy deployment, the entire system was

checked out for proper operation and calibration. The tide gauge was

calibrated at'KiiC in their test pool down to depths almost as deep as

the deployment depth. These results indicated a very linear calibration.

Water circulation tests were made for the current meter as well as other

in-water testinig of the wave sensor. The t e mperature sensors were com-

pared with laboratory standards-. Complete calibration tests were performed

on the ITS system. (These tests have been previously discuqsed.) Prior

to the deployment of the buoy, a final chech-out of the system was done

with the HP-9825 system, testing as a unit all parts of the system. Any

results that appeared not satisfactory were corrected, and the system was

again retested until all results were satisfactory.

The buoy was deployed by NCSC divers under supervision of the NOSC

program task leader and with the technical assistance of Dynex personnel

.at the beach 'toer to check and verify proper operation. The buoy was

Appendices A and B are contained in Interim Reprt FR-XX-i.
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deployed in approximately six. meters of water about 300 meters offshore.

This location put the data buoy outside of the outer sand bar in open-water

conditions. The sensor probes were approximately one meter off of the

bottom. The buoy was oriented such that the positive Y-axis of the current

meter was directly pointing onshore and the positive X-axis of the meter was

pointing directly long-shore to the right as viewed from the shore facing

the buoy. The shore at this location is aligned approximately Northwest to

Southeast. Thus, the onshore direction is Northeast (positive Y-axis) and

the longshore direction is Northwest (positive X-axis). Two vertical pipes
jetted into the bottom were used to secure the buoy in place.

The buoy was ftrst deployed on 10/1/79 in the Gulf of Mexico directly

off of NCSG'BeachiTower Number One. The deployment was made without any

undue complications. The data was immediately checked upon deployment

and indicated completely• satisfactory operation. A data tape was made

on site at this time in addition to many other tests and checkouts. After

the buoy deployment, the performance of the buoy was checked usually at

least once a day and sometimes several times a day. It was realized that

the cable that was used for providing power to the buoy and transmitting

data back to the beach site was not a long term type of cable. It was

available to the program at no cost, and the original objective was to

deploy and test the buoy system. This could be done over a short period

of time. At that point a more dependable cabling system could be used

if further testing was desirable.

On 10/ 7/79 it was determined at the Dynex terminal that there were

apparent problems °with the buoy system. Although data was being received

previously, at this point there was no data on the telephone line. IDxrly

the next day a visual inspection of the site indicated that the cable had

parted at the splice near the water's edge. At this point, the cable was

pulled, with the buoy left in place. After the cable had been repaired,

it was reinstalled on 10/12/79. The system was again checked out and

found to be totally operational. However. this cable was not able to

"with-stand the strong waves and currents in the near-shore zone and pro-

blems were encountered again -- this time causing a failure within the

buoy output electronics. The output transistor attempted to drive a-1-
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highly increased load when the cable failed. This output circuit was

redesigned such that this type of cable failure would not cýIcse a failure

within the buoy.

At this point a different cable was obtained from another program area
that was interested in the buoy system. This new cable has been demonstrated

to be able to with-stand considerable forces in the surf and near-surf zones,

On 11/28/79 the buoy system was re-installed with the new cable. At this

point the bottom mounting system was changed from screw anchors to the

vertical pipes jetted into the bottom as mentioned earlier. As before, a

complete checkout of the system was made at deployment, and a test data tape

was recorded. The results of this new deployment appear very good; however,
as of the time of this report, the present status of the cable is believed

to be operational, but not definitely ascertained. On 12/12/79 the buoy was

pulled for inspection. It has not been redeployed as of this time.

During the time of deployment, considerable testing and data collection

were performed. The results of this testing period indicate that this

buoy system is very reliable (excluding cabling problems) and produces in

detail all of the required parameters as designed.

Test Conditions. Six separate data runs were made that have been pro-

cessed to test the prediction models. These data runs are in addition to

the other data collected for the specific purpose of tbsting the buoy.

These conditions are summarized in Table V-1. The test runs made during

the buoy and/or cable installation all show very calm conditions. This is

because it is desirable to install the system during relatively calm con-

ditions. Two of the test dates occurred during moderate to rough conditions.

A strong system was propagating large amounts of wave energy from the Gulf

into the test area on the sixth and seventh of December. It was on these

two days that the best conditions existed and that on these two days the

most detailed measurements were made of the breaker heights to be compared

with the prediction models. The breakers were well defined, being long-crested

and hhving long periods. During the taping of data from the buoy :ystem,

actual measurements were made of the breaker heights using a technique given

in the following part. This information was used for the detailed analysis

given in the last part of this section.
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Method of Grdund Truth M4easurements. One of the major objectives of J
this study is the. c.a1,iation .of the prediction models., Therefore, it. is

necessary to have a Tethd-1for -this evaluation. What is desired is an

"actual measurement .of the breaker height on an individual basis to compare

directly with the .predicted height as giv-n from the measured offshore

parameters and the prediction model. Thisýnecessitates being able to time-

corrtelate buoy measurements that are recorded directly with breaker measure-

ments that are observed. The majoir problem with this is that the waves are

still somewhat dispersive even though the water is shallow. For the shorter

wave lengths, their propagation is not completely controlled by the depth

as much as the longer waves which are almost shallow-water waves, Therefore,

the sequence of they waves at the buoy is not necessarily the sequence that

"theyarrive in at the breaker zone. Some may not even make it to this obser-

vation region. However, in general, the measurements of ýi group of waves

can be compared with that for time-delayed measurements at the breaker region

for a similar group of breakers.

Using the above .pproach, a technique was developed using a transit

i~4th vertical graduations. This vertical scale was calibrated for two

kiown distances that corresponded to two locati ons in the breaker region

where two surface floats had been deployed, The float was selected that was

nearest to the wave breaking. The vertical displacement of the float was

measured using the calibrated transit scale. Because of the height of

the toweer (over ten meters at the transit site), the float motion could

be followed very accurately, giving an accurate measurement of the wave

breaker just before breaking. A time series of measurements were taken

during data recording from the data buoy with real time being noted on

the list of breaker heights tabulated at periodic intervals.

On 12/6/79 the time series observations were not tabulated in detail,

but statistics concer-ning the observed breaker measurements were which in-

-eluded average ;breaker heights,, typical breaker heights, average of the

largest-breaker heights, and maximum observed breaker height during the

entire interval oi" data recording from the buoy. On 12/7/79 the entire

time series of breaker observations were tabulated on an individual wave-

by-wave basis along with time information.j
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-Test Results. The results of the data processing for the two prediction

models are given in the twoappendices with Appendix A for the Simplified

Model and. Appendix B for the Detailed Model. Included in the detailed pro-

cessing was a direction histogramming of the current motion due to the

surface waves. This is given at the first of each data run where the

number of counts is given for each ten-degree bin. The counts do not

correspond to the number of waves but to the number of observations of

current. Wave level was sampled eight times each cycle of the ITS system,

but current was sampled only two timesfor each component each cycle, which

gave a current sampling for both components approximately once every second.

No attempt was made to obtain the average current direction over the individ-

ual wave period. This effect is proposed for future study. The current

(wave) direction given in the listings has the following orientation:

ninety degrees is onshore directly. Zero degrees is parallel to theshore

'(longshore) and to the right as seen from shore looking towards the buoy.

Using the buoy orientation, ninety degrees (onshore) is actually approximately

Northeast in actual coordinates and zero degrees is approximately Northwest.

The format of the two sets of listings is similar. For the simplified

model, the peak-to-trough wave height given is that measured at the buoy

one meter off of the bottom. It is not the surface wave height. The last

part given for each run is the extrapolated surface height from the bottom

measurement using linear wave theory as mentioned earlier. Also given are

the measured wave periods for the run, and the predicted wave breaker heights

computed from the model are included. The results for both model processing

do not include any data for wave periods less than three seconds. It was

found for these shorter wave periods that the linear theory gave not only

surface wave heights at the buoy but also breaker heights often very unrealistic.

Thus it was decided to eliminate this variation from the results and to con-

centrate the analysis on the wave periods for which it was felt that reliable

data were obtained-.

It should be noted for both sets of results given that on the listings

the first wave height corresponds to the first wave period which corresponds

to the first predicted breaker height and that the second to the second, etc.

Also, it should be noted that the first set of numbers for the simplified

oK
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mod~el corresponds. exactl, to the first set of numbers for the detailed model

on a one-for-one besis. Data for one run for the simplified model can be

dompared directly with data for the same run number for the detailed model.

Note- however, that the run number includes two numbz:rs, e. g., Run Number

7-3.

For each set of run numbers the average and RMS values are given. This
allows further statistical comparisons to 'be made. Each set of data runs are

the same length in time: three minutes and 'hirty-six seconds. For each
data set there are six runs indicated by the dash numbers one through six,

e. g., 7-Il through 7-6. This gives a total data -period for that test of

21.6 minutes.

On 10/2/79 two test tapes were recorded -- the first one starting

about 0830 and the second one starting about 1130. These two times overlapped

the time period when direct observations were being made of the breaker con-

ditions by NCSC personnel. Attempts were made to measure breaker heights

using a person in the surf region holding a marker stick. Because of the

rough surf, this did not prove feasible. However, some measurements were

made. Typical breaker heights were running from about ,6 to less than one

meter. Largest heights were running about one and a quarter meters. The

results of the data processing for runs 2-I through 3-6 show significant

differences for the two models. The average breaker height for the detailed

model is approximately .7 meters, whereas for the simplified model the
average height is .5!meters. In addition, the largest breaker height pre-

dicted from each of the 12 runs on this test date was averaged with the

largest from the other runs on this date. For the detailed model this

ayezage of the largest is 1.22 meters, whereas for the simplified model
the average is 1.0 meters. For the conditions observed, although not in

specific detail, the typical height brackets the average height for the

detailed model (.7 meters) but exceeds that of the simplified' model (.45

meters). The largest heights observed closely match the above averages

of the largest wave from each run for the detailed model (1.22 meters),
but once again, the observed heights exceed that given by the simplified
model (1.0 meters). On a percentage basis the simplified model under-

predicts the detailed model for this data about twice as much for the

average of all waves as it does for the average of the largest waves.



This indicates for this test condition, the simplified model'does better

for the larger waves than for the smaller, average waves. However, the i

detailed model predicts well for all waves according to the limited obser-

vations on this date.

On 12/6/79 measurements of the wave breaker heights were made using

the transit and the -technique discussed in an earlier part of this section.

The detailed -time series were not taken, but typical measurements gave the,

following results. Almost all of the breakers were 3/4 of a meter or

larger with the typical breaker about one meter. Many breakers were some-

what larger with some between I to 1,5 meters. None were observed to

exceed 2 meters although an occasional breaker approached 1.8 meters.

From the processed data, the detailed model shows that the average of

the largest breaker from each set is 1.76 meters with the corresponding

height for the simplified model being 1.55 meters. The average of all

breaker heights for the detailed model is just over one meter (1.07)

which is only slightly larger than that for the simplified model (.99).

For these tests, within the accuracies.of the observations, both models

appear to give reasonable answers, but once agian, the-simplified model

gives somewhat smaller values than the detailed model. However, in this

case, the simplified model may have predicted more accurately than the

detailed -model. The observation to be made is that for the longer wave

periods, the simplified model does better than for the shorter wave periods.

The average wave period for this test date is one to one and a half seconds

longer than for the previous test date. This same observation can also be

made for the following test date results.

On 12/7/79 the best breaker measurements were made for the data that

were taken in this study. Although one could still not make one-for-one

comparisons between the predicted breaker heights and the measured breaker

heights, there were far more statistics for comparison. These results are
It

summarized in Table V-2 where the average,of all breaker heights, the average

of the highest one-third breaker heights, and the average of the highest one-

tenth breaker heights are given for the two models and for the directly

measured with the transit. These values are given for each of the six funs

on that date as well as the average for all of the runs. The direct measure-

ments are only given for the first and last three runs averaged together. j
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It can be,;observed that the detailed modei, over-predicts the heights

iin;all cases, whereas the simplified mode! comes closer tO--the measured

U' c6nditt'ons, in some cases-under-predicting, but in others bv6r-predict'ing.

'However, on the aveijge, the simplified model is very close .except for

the largest of thp heights. For this test date the average wave periods

are running close to 6 seconds. It should be noted that periods of less

than 3 seconds :are not included. Refer to the previous discussion regarding

this cut-off.

A brief examination of the effect of bepach slope.,on the results giv.en

for the detall'ed model was done. A slope of 1:20 was used for-the data

pr6cessilig. kt this point, this value- is felt to be too large. 1:30 tot

1:50 prý6bably fits the conditions more closely. A botton surveymneeds to

"be done to determine this. Using the more gradual slope in the detailed

m6del, the prediction results for the -cases tested was less, but not by

as much as the results for this test date indicate. The slope, as well

as other factors, need tb be further investigated for model refinement.

It should be -noted at this point that the results of the comparlsons

of the models with observations are very encouraging. The results indicate
that for breaker heights up to two meters, the detailed model predicts

breaker heights to an accuracy of the order of ten percent,. For the higher

energy waves, the simplified model does almost as well, but does less well

for the shorter wave periods with lower amplitudes.

%
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!-g-Part --II. OICY.r~ RF ~uck:-N. C. Tests" •

tar"'It was dec E! 'ed F to peuk orm-wave measurements using the Coastal Engineering. -

"Research C'�ger (MCEB). Field Re§earch Facility (FRF) at Duck,Aoorth Carolina,

to.6btaih wave and breaker dhta for further testing ,,nd validating the

predictioni- models. At this-.facility there are seven surfade wave gauges

(Bayiok. gauges) located on a' pier that extends out into water depth oveir

eight meters deep, These ga'uges are located such that they are able to.

hmake measurements of the modifidaidhns during the shoalifig process as the
., ~wave-,progresses into shore and1eet~l ras In addit~ion, this- facility

Ats 16cated on the Atlantic'Ocean coast where, 6h occasion, large storms pro-

duce significant near-pbpre -waves and surf.

The c1tails of the wave gauge locations and'water depths are given in

Table-_ VI-3;.

STATION LOCATION WAVE GAUGE WATER DEPTH
(Mb, MRS) NUMBERi (WTRs.)

"59" End of Pier 7.7

579 #1 8.0

427 #2 6i9

323 #3 5.7

274 1/4 5.4

239 #5 ~4.'2
i21Z3 #6 2.5

1 189- #71.

n118 Shore x tn

Based on MSL-and measurements taken by CERC on 4/2/80

The data acquisition syteni, described in the previous section,, was
! ~designed for thks ,operation, ItJ wasý insta~lled the end of March, 1980 and ,.[

Sb came-.opertloil the first of, opril. The ,first seven channels recorded

.jthe s even-,wpver,gauges In the order glvprn in the above table, The next three
[ '•-')channels are fbr tdo components of-curtrent-and a pressure-transducer wave

• gauge. T'he- -last channel is-If or .calib'tatl'6n voltage '(a known, tandard).
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The ioperation of the -collection and recording system is ap given ini the

previous section.and is described-briefly here. The seven, anai'bg- signals from

the wave gauges on the CERC pier are tied in directly into the first seven

channels of the multiplexer. If available,, the current meter and pressure

transducer wave gauge-are tied 'into the next three-:channels. (This latter

information can be used to evaluate measurements on the. bottom as- the source

information as-would be the case of a buoy operation.-) On the last channel

a mercury battery is tied in with its, voltage measured precisely. The shelf

life is -so long and the drain is So small that stabilities in this voltage of

",one millivolt-or less over periods of one month or more are quite common.

-Duriig the collectioni times, 'a cassette tape is put, into the recorder

- andy 'is turned on at, the selected time. 'At the end of the recording cyýcle,

the tape recorde.f automatically shuts off. The tape is then turned over for

the next recording time. Power can be left on the system-:or It &an be

.shut down..

The dat4 tapes were checked by Dynex to ascertain that there was wave

data on the tapes that appeared to be reasonable. The calibration voltage

was also checked to further verify reliabl, operation, Since the processing

of the data from this location was considerably different than that at NCSC,

software routines had to be developed for this. Therefore, it was some time

before detailed in-+depth processing was done on &ny of the data. However,

all .tapes were given a cursory testing to discover obvious malfunctioning

-of 'the' system. Such was found in. sbrme of the data in that only channel

.address and n6 data were being received for a period of time. The problem

was traced. to a syitdh setting that had -been inadvertently changed. Other

than this all data appeared normal. Wave fluctuations could be detected on

all operating qhannels, and the amplitudes and- periods, also appeared normal.

Onr objective for the data collected from these multiple gauges was to

be .able to follow a single wave from' the seaward gauge all the way in to the

-- last gauge prior -to breaking. In this manner,, testing of the prediction models

could be done on a-determihistic- basis -- one that had not been done on the

previous data. It was done on a statistical basis as given In the preyious

part of this section. Methods were inyestigated for doing this with the
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data processing equipment but without satisfactory results. A major problem

was the large spacing between wave gauges, particularly those seaward. In

general, there were many wave periods between gauges, and a few seconds error,

which was only a small percent of the propagation time for the longer distances,

could allow lbsind tr.ck of a particular wave and locking on to an adjacent

wave unknowingly.

A method was devised that worked well with the data. A time history

of the wave records for all seven channels was displayed on the HP-9845 CRT

in a strip-chart manner for the digital data. The datawere. compressed such

that a relatively long time period could be displayed, butuere not so com-

pressed that wave heights and periods could not be easily and- accurately

read, The resultant time-history displays were dumped onto the hard-copy

printer for a permanent record, For the most part, a wave train could be

readily followed as it progressed from one wave gauge to the next -- parti-

cularly for the larger, more prominent waves with longer wave periods. How-

ever, there still was the possibility of ambiguity in many cases. In order

to minimize this, another program was written that computed the propagation

times of waves with various periods from one gauge to the next using bottom

data taken by CERC personnel near the time of wave measurements. This

utility program, in almost all cases of interest, allowed the data analyst

to determine wave progression more readily. For most applications, the

utility program was used for verifying that the analyst had selected the

correct wave rather than the results being used in the selection. In almost

all instances, wave verification was made within a small fraction of a wave

period.

t.s the data were being analyzed from a large storm that occurred in

October, 1980, it was discovered that wave progression to the next gauge

could not at all be followed -- often the results appeared random rather

than orderly, as had been observed in the first set of data and in many

othe-r independent observation. The reason for this was not immediately

obvious. Upon close examination of the data, it was found that there was

a large resemblance, in terms of amplitude and particularly phase (in-phase),

between the data on two pairs of the channels (one and two, and four and five).

The reason that this was not more obvious was that the gross structure was
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very similar but the fine detail was enough different- a6 o mask the effect

Cto the eye until close examination was made. It appeared that there was
leakage of one channel strongly onto the next for the pairs given, above.

If -this were the case, using this data would or could lead to erroneous

results. Since this was some of the best data collected, It was felt. that

statistically verifying these findings was warranted. To this end, the

cross-speotral programs described in Section II were written for this study

by modifyting routines developed for other programs. The coherence and phase

of the two susbectted pairs of channels, were checked with the suspected

results veriffiid. Cohe:'encies approaching-unity- Lnd phases approaching

Szero (in phase) resulted for all of the wavs up to periods apprCaching

one second. A further test"- was done on the data felt to be reliable arid

not having the above problems. Once again, the results were as suspected.

As the distances between wave gauges increased, the coherences rapidly
decreased, and in no cases dtd the coherencies approach unity as strongly

as tht. suspected data. Also, the phase spectra 4 Isplayed as a, function of

frequency the typical phase progression associated with dispersive waves.

Therefore, the suspected data were conclusively shown to be not useable.

However, the earlier data taken by Dynex personnel when the system was

installed at Duck, N. C., were shown to be reliable, and those data were

used in the processing and model verification given in this pp -t of this

section.

The data from the April 1, 1980 test were manually read from the strip
chart display print-outs as given above. The best seaward gauge was selected
for the input infoinration into the prediction model. For each seaward height

read, the same -wave was read in height at each of the following gauges until

it no longer appeared (breaking occurred). For almost all waves used in this

part of the study from these data, breaking occurred between gauges #6 aid #?.

(in a Vast majority of the cases the prediction model gave breaker depths that

were between these two gauges, further supporting the model.) In addition to

the wave height measurements, each wave period was measured. This information

was put into the modified manual input prediction program (descrited in

Section II), and the results for each wave input were given and recorded
along with the input information. The result6 of this were then tabulated
and examined statistically and- are summarized in Table VI-4. The print-outs

of the strip-chart display for this test date are given in Figure VI-1.
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STable VI-4. Statistics of Meawred and Piedicted Breaker }{eights
dERC Field Research Facility, Duck, N. C., 4/1/80

Range of Range of Range df Average of RMS of Range of
off-shore measured predicted measured measured predicted
wave, breaker breaker minus, minus breaker
heights heights heights predicted predicted depths

,heights heights -

1.9 - 4.7 "2.8 -- 7.0 3.3 - 7.4 0.007 0.63 3.1 - 6.9 (Feet)

0.6 - 1.4 0.9 - 2.1 1.0 - 2.2 0.002 0.19 1.0 - 2.1 (Meters)

As the above table indicates, the detailed prediction model very

accurately predicts .the breaker heights compared statistically with th&

actual measurements. For the conditions in the above table, the average

breaker heights measured was 1.46 meters and the average of the prediction

error (measured breaker height minus predicted breaker height) was only

0.002 meters, givinnga percent error of only 0.1%. Although the average

error is almost zero, the predicted results are probraly not as good as

the above would indicate. All of the wave breaking appeared to take place

between the last two inshore wave gauges. All of the measured readijg were

taken \from iiave gauge #6, the last gauge prior to breaking. However, wave

modification undoubtedly continued until the point of breaking. Thus, in

reality, the measured values at wave gauge #6 are low compared to the

actual breaker height at the location of breaking. This would also make

the predicted values low by this difference, since these values predict

very closely the heights a short distance prior to breaking. No quantitative

numbers are offered in this study as to hoW large this difference might be.

That is not within the scope of this study.

The above discussion points out one of the limitation of this type of

verification measurement. For an accurate measurement of the breaker height,

the break must break just after passing a wave gauge,i. e., be at the point

of breaking when passing the gauge. This will .not occur very often. If one

requires the wave to break within one or two meters of the gauge, statistically,

all else being equal, this will occur between five to ten percent of the time.



As the ,breaking moves furtther shore ward of the gauge, the measurement error

increases. Thus, it would seem, in order to evaluate the prediction models

with more accuracy and reliability than availa'3le through the means used in

this study,. it will' be necessary the make the measurements of the wave at

the time of breaking by some other means. It may be that the method of

measurement used in the NCSC buoy test, using a transit, as described pre-

viously, is one of the mnore accurate methods.

Ii
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CONCLUSIONS AND RECOMMENDATIONS

1. Regarding the over-all buoy system and its operation, the results

of this study have demonstrated that this system is a very reliable one,

has the ability to measure very accurately the required wave, tide and

current inputs for data processing, is easily deployable by divers from

"a small boat with minimum equipment required, and is readily adaptable to

"a variety of fleet operations and applications-,. It has demonstrated that

it can withstand the hostile environment of the near-surf zone within the

limits tested and has the ability to tiansmit its data via a wide variety

of methods to the end user, thus making this buoy system a prime candidate

for fleet operations.

2. It is concluded that the software developed for the support operations

of the buby system is efficient in terms of processing cababillties of speed,

slize, and complexity, can be adapted to on-board buoy processing without

considerable modification, is flexible and readily adaptable. to a wide range

of user applications, and the study results further show the software to

be reliable and accurate.

3. It is further concluded that both of the prediction models used in

this study give very good results, often with piediction errors of only a

few percent, that the detailed model allows for a greater flexibility and

range of environmental inputs but does require more complexity in processing,

and that the simplified model, although limited, gave accuracies that are

well within the requirements of many fleet applications.

4. It is recommended that testing be continued over a larger range of

wave and breaker conditions and that a method for more accurately measuring

the breaker parameters for ground-truthing the models be explored.

by5. lastly, it is recommended that continued, development be done on this

buoy system, further investigating the effects of environmental parameters

and refinements to the models, and development efforts) leading to the end

L 'product of an operational system for the fleet including on-board processing

where applicable, be continued.


